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The straw mushroom {Volvariella volvacea) is an edible mushroom of the 
tropics and subtropics. It has been cultivated for over centuries and becomes the fifth 
most important cultivated mushroom in the world. From 1986-1994, the global 
production of straw mushroom has increased from 1,780,000 tonnes to 2,988,000 
tonnes. The straw mushroom is a nutritive food. It contains about 21.3% protein. In 
addition to its nutritive value, straw mushroom is also recognized as a 
health-promoting food because of it abilities to lower the blood pressure and plasma 
cholesterol, and to accelerate healing. Recent studies also suggest that straw 
mushroom pocesses antitumor function. 
The straw mushroom is a highly perishable crop. The shelf life of the straw 
mushroom is very short, usually within a few days. It tends to rapidly lose its quality 
during storage. The most readily observable changes include lose of moisture, 
browning and autolysis. The short shelf life of straw mushroom limits its large-scale 
commercial exploitation. 
A systematic study on the post-harvest physiology and biochemistry of straw 
mushroom is essential to the understanding of the mechanism controlling the 
deterioration of this produce and the future development of proper storage 
technology. In this research, it has been shown that the straw mushroom exhibits a 
high respiration rate. The respiration rate declined during postharvest storage. 
Ethylene is involved in the ripening process of many produces. However, ethylene 
was not produced by the straw mushroom, nor it has any physiological effect on the 
mushroom. 
Activities of several hydrolytic enzymes of the fruit body of straw mushroom 
were determined. Activities of protease, lipase and chitinase were found to increase 
during postharvest storage. Polyphenol oxidase, the enzyme responsible for 
enzymatic browning in plant tissues also increased during the course of storage. The 
change in the activities of these enzymes correlated the deterioration of the 
mushrooms. 
There was a significant increase in the microbial population associated with the 
mushroom during storage. Fifteen bacterial isolates from straw mushroom had been 
identified. The majority was Gram-negative bacteria and some of them were reported 
vi 
to exhibit food spoilage properties. 
Several preservation methods were attempted with limited success. These 
included dipping straw mushrooms with various browning inhibitors, additional of 
calcium chloride to irrigation water during cultivation, and employing carbon dioxide 
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Chapter 1 
Background of straw mushroom, Volvariella volvacea 
1.1 History and economic value of straw mushroom 
Volvariella volvacea commonly known as Chinese or straw mushroom belongs 
to the family Pluteacae of the basidiomycetes. The cultivation of this mushroom can 
be traced back to 1822 in China. It was later introduced into Philippines, Malaysia 
and other Southeast Asia countries (Chang, 1993). More than 100 species of 
Volvariella have been described throughout the world. This edible mushroom is 
particularly suitable for cultivation in tropical and subtropical area. Figure 1.1 shows 
the production of straw mushroom in the world (Chang, 1993 and Kues and Liu, 
2000). The world production increased from 178,000 tonnes at 1986 to 299,000 
tonnes at 1994 having a 68% increase in eight years. Moreover, Kues and Liu (2000) 
summarized the production of various mushrooms in different countries in 1994 
(Table 1.1). Agaricus, Lentimis, Pleurotus, Auricularia and Volvariella are the 
important species, and represent a great proportion of all edible mushroom species in 
world production. Volvariella is the fifth most important cultivated mushroom and its 
production is about 300,000 tonnes, which contributes for 6.4% of the total global 
procession of edible mushrooms. The three, top producers of straw mushroom are 
China, Indonesia and Thailand. This indicated that Volvariella is a very important 
edible mushroom cultivated in Southeast Asia. 
1 
1.2 Nutritional value and medical use of straw mushroom 
The diet of about one-third of the world population is deficient in protein. 
Edible mushrooms are considered to be a health food because their protein content 
and mineral content are much higher than that of vegetables, oranges and fish or 
meat respectively (Arora et al., 1991). Straw mushroom contains about 21.3% - 43% 
of protein, 50.9% - 60% ofN-free carbohydrates, 0.7% -6.4% of fat, 4.4% - 13.4% of 
crude fiber and 254 - 374 Kcal/lOOg dry weight of energy (Table 1.2). It indicated 
that straw mushroom roughly contains a relatively high protein content and low 
energy value compared with the other edible mushroom. Mushroom protein contains 
all nine essential amino acids for human. They are especially rich in lysine and 
leucine, which are lacking in most staple cereal food. Table 1.3 shows that straw 
mushroom contains the highest amount of essential amino acids among different 
edible mushroom. Moreover, straw mushroom contains the highest levels of 
unsaturated fatty acid (Table 1.4). This is a nutritionally favorable feature since 
unsaturated fatty acids are essential in our diet and saturated fatty acids may be 
harmful to one's health. The vitamin and mineral content of various edible 
mushrooms is shown in Table 1.5. The straw mushroom is a good source of vitamins 
and minerals. 
The importance of edible mushroom has been recognized for a long time not 
only because it can be consumed as food, but also as a medicine. They have been 
used in folk medicine throughout the world since ancient times (Miles and Chang, 
1997). Medicinal mushrooms useful against cancer are known in China, Russia, 
Japan, Korea, as well as the U S A and Canada (Wasser and Weis, 1999). Recently, it 
was confirmed that mushrooms contain effective substances for decreasing blood 
cholesterol, the improvement of hyperlipidemia, antithrombotic, reducing of blood 
2 
pressure etc. (Table 1.6) (Kues and Liu, 2000). Straw mushroom is reported to posses 
medicinal properties which include the lowering of blood pressure and cholesterol, 
accelerating healing of wounds (Chang and Buswell, 1996 and Cheung, 1998). An 
extract from the fruit body of straw mushroom was found to contain lectins that have 
antitumor, antiviral and antibacterial function (She et al, 1998 and Kues and Liu, 
2000). 
1.3 Cultivation of straw mushroom 
In face with the current energy, food and population problems, food and feed are 
usually produced from waste materials within a few decades. The great value in 
promoting cultivation of mushrooms in order to grow on cheap carbohydrate 
materials and to transform various waste materials which are inedible by human into 
highly valued food become more and more important today. This is extremely 
important in rural areas where there is an enormous quantity of waste that are ideal 
for cultivation of edible mushrooms. Moreover, the spent compost, which is the 
substrate left after mushroom harvesting, can be used as stockfeed and plant fertilizer. 
As a whole, growing mushroom can fully utilized all the materials before and after 
cultivation. In tropical and subtropical Asia, many farmers rely on the cultivation of 
Volvariella volvacea as a source of income. This mushroom has become an economic 
mainstay in the agricultural economy of China and Thailand. There are two methods 
for its cultivation. The first is outdoors or open field, simple, and low-tech method. 
Although this is an inexpensive method, it is usually subjected to pests and diseases 
and also the environmental conditions for fruiting are difficult to control. The second 
method is indoor cultivation utilized mushroom houses under a controlled 
environment. The yield is much greater than that cultivated outdoors. (Wood and 
J 
Smith, 1988). 
Volvariella volvacea can be cultivated on various waste materials including 
paddy straw, water hyacinth, oil palm bunch, oil palm pericarp waste, banana leaves, 
sawdust and sugarcane bagasse (Chang, 1982). Chang, S. T. of the Chinese 
University of Hong Kong, pioneered the development of cotton waste as a substrate 
for the indoor cultivation of straw mushroom in Hong Kong in 1971. It is a 
by-product of the textile industry and it allows the yield of mushroom to increase 
three to four times than that from straw. It has also been reported that using cotton 
waste for cultivation gave a more stable yield and earlier development than using 
straw under the same condition (Hamlyn, 1989). 
Wood and Smith (1988) described the method for the cultivation of straw 
mushroom commonly used today. First of all, substrates (e.g. cotton waste) are 
mixed with sufficient water to ensure that the water activity is optimal for mycelial 
growth. It is then pasteurized by introducing steam with a temperature 60°C — 62°C 
for 2-3h and then cooled down to 52°C by the introduction of fresh air for 8h and 
then inoculated with the pure spawn. Usually it takes 4 days for the mycelium to 
fully colonize the substrate at 34°C -36°C. Moistening the substrate surface with 
water can initiate fructification. The first fmitbody appears on the compost surface 
usually in 5 days after spawning, and it usually takes a farther 4 days for the 
development to the harvesting stage. Straw mushroom is not left to grow to the 
maximum size but are picked at the stages before the volva enclosing the cap break 
(i.e. button stage). The first flush usually lasts for 3 - 4 days and if the substrate 
remains free from contamination. A second flush can be obtained about a week later. 
However, the yield is only 10% of that of the first flush. 
4 
1.4 Life cycle and developmental stages of straw mushroom 
All fungi, except yeast, grow as microscopic filaments called hyphae, which 
extend and branch to form a mycelium. The mycelium is the vegetative phase of 
fungal growth. The sexual phase is represented by spore-bearing structures which 
take a myraid of form of which the mushroom we eat is just one. The filamentous 
nature of fungi makes them different from other organisms. It can be classified into 4 
major classes: the Phycomycetes, the Ascomycetes, the Basidiomycetes, and the 
Fungi Imperfecti (Deuteromycetes). Although this system of classification is a 
traditional one, it provides a means of convenient way of grouping the fungi. Straw 
mushroom belongs to the class Basidiomycetes. 
When environmental conditions are favorable for reproduction, some of the 
vegetative mycelia undergo a complex morphogenesis to from fruiting bodies (also 
known as carpophore, hymonophore, and mushroom). Figure 1.2 describes the life 
cycle of straw mushroom. The haploid basidiospore released from the basidiocarp 
will germinate under suitable growing conditions. Usually, germinal vesicles grow 
into germ tube and the single haploid nucleus divided mitotically, to give many 
nuclei. Septa then appear, with each cell sharing the haploid nuclei or derivative. 
There are two main types of mycelia derived from haploid basidiospore: aerial 
hyphal and atypical mycelia with few and weak hypha. After that, the resulting 
hyphal cells develop into secondary mycelia that are capable of developing 
basidiocarps. 
The basidiocarp starts first as a tiny cluster of white hyphal aggregates appear 
randomly at various spots on the substrate surface known as “pinheads，，. It is the first 
of the several morphological stages in the fruit body development described by 
Chang and Yau (1971). The successive stages are named as ”button’’，“egg，’， 
5 
“elongation，，，and "mature" stages (Figure 1.3). They are described as follows: 
Pinhead stage. The size of "pinhead" is very minute, no developed structure can 
be seen in vertical section. It is only a tiny knot of hyphal cells. 
Button stage. Differentiation can be seen first at "button" stage. It is spherical to 
ovoid shape. The longitudinal section shows the whole structure of straw mushroom, 
which is enveloped by a veil. Stipe (stalk), pileus (cap), as well as the lamellae (gills) 
are also found in this stage. 
Egg stage. The “egg” stage is very similar to the "button" stage, except the more 
oblong-elliptical shape and with a ruptured universal veil, which extrude outside as a 
part of pileus. 
Elongation stage. In the "elongation" stage, the stipe is much elongated and the 
whole pileus is outside the veil. The universal veil is now known as the "volva" 
which act as a cap at the base of the stipe. 
Mature stage. The final stage is called the mature stage. The mushroom has a 
fully expanded pileus, the gills on its lower surface become brown color and the 
releases of basidiospores begin. 
1.5 Objectives of the research 
Though straw mushroom is a nutritive and economic food source with potential 
medical value (detail in section 1.1 and 1.2), the industrial production of this produce 
is greatly limited by its short shelf life which is normally less than 3 days. The 
quality changes including surface discoloration, wilting, loss of texture, aroma and 
flavor during storage at ambient temperature. Also, poor husbandry techniques, 
mishandling and fluctuating postharvest storage environment can also lead to loss of 
quality and hence of low commercial value (Burton, 1988a). Furthermore, the 
6 
consumption of mushroom has increased in recent years along with an increased 
emphasis on the quality of mushroom. The most important criteria for consumer 
choosing mushrooms are freshness, cleanliness, whiteness, firmness, uniformity and 
developmental stage of mushroom. They prefer mushrooms that are clean and white, 
with a smooth surface and tender texture. In other words, the process of producing 
mushrooms does not simply end at the farm, but it has to be carried on to consumers' 
kitchen. Therefore, seeking ways to improve the quality and shelf life of straw 
mushroom is necessary. 
Most research on mushroom cultivation and preservation focuses on Agaricus 
mushroom. Information on the postharvest physiology and biochemistry of straw 
mushroom is very limited. The purpose of this research is to provide fundamental 
knowledge in these aspects. 
In this research, emphasis are put onto 5 main areas. First of all, the general 
characterization of straw mushroom during postharvest storage, including the surface 
structure, moisture content, dry weight and surface color changes was studied. 
Secondly, the biochemical changes of straw mushroom, such as the activities of 
various hydrolytic enzymes (protease, lipase and chitinase) and browning enzyme 
(polyphenol oxidase) were examined. Thirdly, the physiological changes of straw 
mushroom including respiration and ethylene production were investigated. 
Moreover, the possible involvement of microorganism affecting postharvest quality 
of straw mushroom was studied. Finally, some preservative methods were attempted. 
These included controlling browning by PPO inhibitor, application of CaCb during 














































































































































































































































































































































































































































































































































































































































































































































































































Table 1.3. Comparison of amino acid composition of edible mushrooms (g/lOOg 
protein). (Arora et al.,1991) 
Amino a c i d s A . hisporus L edodes V volvacea P. ostreatiis 
Isoleucine 43 44 42 
Leucine 7.2 7.0 5.5 7.6 
Lysine 10.0 3.5 9.8 5.0 
Methionine Trace 1.8 1.6 1.7 
Phenylalanine 4.4 5.3 4.1 4.2 
Threonine 4.9 5.2 4.7 5.1 
Valine 5.3 5.2 6.5 5.9 
Tyrosine 2.2 3.5 5.7 ：).5 
Tryptophan N D N D 1.8 1.4 
Total 38.3 35.9 43.9 39.3 
1 0 
Table 1.4. Percentage distribution of saturated and unsaturated fatty acids in some 
representative mushrooms. (Miles and Chang, 1997) 
Mushroom Saturated Unsaturated^ Percent of total fatty 
acids as linoleic acid 
Agaricus bispoms 19.5 (0.06) 80.5 (2.5) ^ ~ 
Auricularia auricula 25.8 (0.34) 74.2 (0.96) 40.4 
Lentinus edodes 19.9 (0.42) 80.1 (1.68) 67.8 
Dongko (standard 20.4 (0.43) 79.6 (1.67) 76.2 
grade) Cracky (best 
grade) 
Pleurotus sajor-cajii 20.7 (0.33) 79.3 (1.27) 62.9 
Tremella fuciformis 22.8 (0.14) 77.2 (0.46) 28.0 
Volvariella volvacea 14.6 (0.44) 85.4 (2.56) 69.9 










































































































































































































































































































































































Table 1.6. Examples of compounds isolated from fruiting bodies of basidiomycetes 
and their (potential) use in medicine. (Miles and Chang, 1997) 
Species Product Applications (potential) 
Agaricus nebularis Nebularine (purine Antitumour 
nucleosides) . 
Boletus edulis Polypeptide Antitumour 
Clitocybe illudens Illudins M and S Antitumour 
(sequiterpenes) 
Coprinus Coprine Inhibitor of acetaldehyde 
atramentarius dehydrogenase 
Coprinus cinereus Galectins Cell adhesion 
Flammulina velutipes Flammulin (polyene) Antitumour 
Lectin Haemagglutination 
Ganoderma lucidum Alkoloids (ergostero) Cardiotonic 
Ganoderans A, B, C Blood glucose reduction 
(peptidoglycans) 
Ganoderic acids Reduction of cholesterol 
Heteroglucans Antitumour, antiinflammatory 
Lectin Haemagglutination 
Ganoderma tsugae Steroid Cell cycle inhibition 
Lanostanoid ester glucoside Inducer of apoptosis 
Grifolia confluens Grifolin Antibiotic acitity 
Grifoliafrondosa Acidic glucans Antitumour 
Grifolan Antitumour 
Lipids, peptidoglcan Antidiabetic 
Hehcium erinaceum Hericenones C, D and E Stimulator of nerve growth 
factor synthesis 
Lentinula edodes Cortinellin Antifungal 
Eritadenine Inhibitor of H M G Co A 
reductase, lowering of blood 
pressure, reduction of 
cholesterol 
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Table 1.6 (continue). Examples of compounds isolated from fruiting bodies of 
basidiomycetes and their (potential) use in medicine. (Miles and Chang, 1997) 
Species Product Applications (potential) 
Lenzites saepiaria Lenzitin Antifungal 
Oudemansiella Antibiotic OM-1 Antifungal 
mucida 
Phlebia radiata Merulinic acid A-C Antitumour 
Pleurotus (1 -3)-p-D-glucans Antitumour 
citrinopileatus 
Pleurotus Lectin Haemagglutination 
cornucopiae 
Pleurotus ostreatus Lovastin Inhibitor of H M G coA 
reductase 
Poria cocos Pachymaran, pachyman, Antitumour 
pachymic and tumulosic acids 
Sclerotium Schizophyllan Antitumour 
glucanicum Scleroglucan Antitumour 
Sclerotium Scleroglucan Antiviral 
glucanicum 
Tremella aurantia Acidic polysaccharide Antidiabetic 
Tremella aurantia Acidic heteroglycans Antitumour, stimulation of 
cytokines 
Volvariella volvaceae Lectins Immunomodulating actions, 
antitumour 
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Figure 1.1. World production of V. volvacea from 1986 to 1994. (Chang ,1993 and 
Kues and Liu 2000) 
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Figure. 1.2. Life cycle of Volvariella volvacea. An 二 anastomosis of monospoms 
hyphae; b.s = button stage; ch = chlamydospore; e.s 二 egg stage; el.s = elongation 
stage; f.n - fusion nucleus; ger 二 germ tube; n = nucleus; IN = halpoid nucleus; 2N 
二 diploid nucleus; p = pileus; p.m = primary mycelium; p.s = pinhead stage; s = stipe; 
s‘c = swollen cell; sp = spore; st 二 stigma; su.c = supporting cell; t.b 二 tiny button; v 
二 volva. (Chang, 1972). 
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1. 2. 3. 4. 5. 
Figure 1.3. Different developmental stages of fruit bodies of Volvariella volvacea. 
Different stages: 1. Tiny button, 2. Middle button, 3. Big button, 4. Egg, 5. 
Elongation, 6. Mature stage. (Deng, 1999) 
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Chapter 2 
Determination of straw mushroom quality during 
postharvest storage 
2.1 Introduction 
Shelf life is a term implies the prolongation of edible life of the produce. It is 
referring to the time during which the production remains in acceptable condition 
(Brody，1989). The shelf life of horticulture produce can often be extended by 
storage at chilling temperature (4°C). This storage condition, however, is not always 
effective, particularly in straw mushroom. By contrast, Agaricus can be stored for 
prolonged periods at this temperature (Cho et al., 1982). In local market, the quality 
of straw mushroom deteriorates rapidly and becomes unacceptable for consumption 
during postharvest storage. The most readily observable changes include 
discoloration and loss of water. The problem of water loss starts at harvest and the 
symptom of browning appears shortly afterwards. 
Mushroom can turn brown while it is growing on bed but the discoloration can 
be made worse by postharvest handling. The browning of mushroom can be the 
result of an enzyme tyrosinase, mixing when the phenolic substrates in cells in the 
presence of oxygen and giving rise to the typical browning symptoms. 
Mushroom has high water content, usually 85% to 95% (Cho et aL, 1982). 
Water loss during postharvest storage is usually noted. The main effects of water loss 
are wilting and shriveling, during which mushroom become tough and eventually 
inedible. These are symptoms of desiccation and are associated with loss of freshness 
as the same way as the changes in color. Therefore, it is an important factor 
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contributing to the deterioration of straw mushroom during storage. 
2.2 Materials and methods 
2.2.1 Determination of surface color changes 
Mushrooms bought from the local market were placed in plastic trays and left 
on the lab bench for monitoring (20'C±2°C, 64%±2% RH). Discoloration of 
mushroom was recorded by a digital camera (PIXERA, P V C lOOC). The color of the 
mushrooms was measured daily. Ten measurements were taken at random locations 
on the surface of the cap of each mushroom by a colorimeter (Hunterlab LabScan 
XE). The L*a*b* color parameters were used for all measurements. A HunterLab 
color standard white plate (L-93.5, a=-0.25, b=1.19) was used to standardize the 
instrument. The L* indicates the degree of whiteness. The higher the L* value, the 
whiter the color. The a* value indicates redness when positive and greenness when 
negative. The b* value refers to the yellowness when positive and blueness when 
negative. The reflectance reading taken from mushrooms were averaged and 
analyzed separately. 
2.2.2 Determination of weight loss and dry weight 
Straw mushrooms were placed in container and left on the lab bench (20°C±2°C, 
64%±2% RH). For determination of fresh weight loss, the weight of mushrooms of 
about lOOg was recorded daily. For the determination of dry weight, standard method 
from Cunniff (1995) was used. Four groups of mushrooms (〜lOOg for each group) 
were prepared. After each day of storage, mushrooms were placed in a crucible and 
dried in an oven at 100。C for 24h. Samples were placed in a desiccator to cool before 
the weight was measured. Drying, desiccation, and weighing steps were repeated 
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until decrease in mass between successive weighing does not exceed 0.5mg. There 
were three replicate in the experiment. 
2.2.3 Examination of mushroom surface structure 
Changes of surface structure of the straw mushroom during postharvest storage 
were studied by a scanning electron microscopy (SEM). The method of Robards and 
Wilson (1996) was followed. The cap of the fruit body was examined. A thin layer of 
cap tissue was cut and fixed immediately with 2.5% glutaraldehyde in O.IM 
phosphate buffer (pH 7.2). The tissue was washed with phosphate buffer for lOmin 
twice. Tissues were then undergoing a series of ethanol dehydration (50% - 100%), 
and two consecutive lOmin baths of tetramethylsilane (Sigma). After air drying, 
tissues were mounted on copper stubs using double sided non-conductive tape. 
Finally, samples were given a fine coating of gold using sputter coater (Edwards, 
S150B). All observations were conducted using a scanning electron microscope (Jeol, 
TSM-5300). There was replicate study in the experiment. 
2.2.4 Statistical analysis 
Data on weight loss and color change in parameters were subject to analysis of 
variance (ANOVA). A 95% significant difference (p<0.05) was used to test the 
equality of means between treatments. 
2.3 Results and discussion 
2.3.1 Browning during postharvest storage 
The change in appearance of straw mushroom during postharvest storage was 
shown in Figure 2.1. There were visual changes in the quality of straw mushroom 
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within 4 days of storage. The appearance of mushroom was more or less the same in 
the first 2 days, and observable changes such as browning and wrinkleness occurred 
at day 2 and became more serious at day 3. The surface color changes of straw 
mushroom during storage were shown in Figure 2.2. A linear decrease in L* value 
was observed with storage time. The value decreased from about 78 units at day 0 to 
65 units at day 3. The whiteness showed no significant difference between the first 2 
days of storage (p>0.05). Decrease of whiteness became significant at day 2 and day 
3 (p<0.05). 
Both a* and b* values increased during postharvest storage (Figure 2.2). The a* 
and b* values increased from 2.54 units to 5.68 units and 20.23 units to 26.35 units 
respectively during the storage period. These two values showed no significant 
difference at the first 2 days of storage but increase in redness (a*) and yellowness 
(b*) were found in prolong storage (p<0.05). 
The results indicated that the quality of straw mushroom declined rapidly during 
storage. The observable changes began at day 2 (Figure 2.1). Browning and drying 
attributed to the poor quality of the straw mushroom. It is suggested that one of the 
most important aspects of fresh mushroom quality is whiteness (Burton, 1988b, 
Lopez Briones et al., 1992 and Smith et al, 1993). Therefore, among the three color 
parameters (L*a*b*), L* value which indicated the whiteness of mushroom was 
regarded as the best indicator for quality (the higher the L* value, the whiter the 
mushroom) (Lopez Briones et al, 1992). On the other hand, among a* and b* values, 
there was a significant increase in a* value (redness) at about 120% from day 1 to 
day 3. It seems that a* value also play a role in the assessment of quality of straw 
mushroom under unpacked storage condition. 
In the case of Agaricus mushroom, L* value <70 would be rejected by 
consumers (Lopez Briones et al, 1992). Although no similar research had been 
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conducted in straw mushroom, it is well known that the higher the whiteness of straw 
mushroom, the more acceptance by the consumer. If L* value >70 also regarded as 
the acceptable whiteness of straw mushroom by consumer, then the storage life of 
straw mushroom was only 3 days after harvest (Figure 2.1). However, mushroom had 
significant wrinkle problem at day 2. This made consumer reluctant to accept them 
(Figure 2.1). In other words, the shelf life of straw mushroom is usually less than 3 
days during postharvest storage. 
2.3.2 Weight loss and dry weight changes during storage 
Weight loss and dry weight change of straw mushroom during postharvest 
storage were shown in Figure 2.3. The weight of fruit body showed a linear decrease 
over 3 days of storage (p<0.05). It was reduced to approximately 55% of the original 
fresh weight. For the dry weight, it remained more or less the same throughout 
storage (p>0.05) and it was approximately 10% of its fresh weight. 
The moisture content of straw mushroom was about 90% (data not shown). 
Similar result was reported by Cho et al. (1982). The loss of water content was 
approximately 15% per day under our storage conditions (20。C±2。C，44% RH) over 
3 days storage. Day (1993) suggested that fresh produce lost their moisture when the 
relative humidity in the storage environment was less than 90-95% of saturation, and 
also produce with reduction in quality occurs if 3-6% of the moisture is lost. This 
significant amount of water loss from straw mushroom was affected by several 
factors. Transpiration also results in loss of water content. Roy et al. (1995a,b) 
reported that flesh of mushroom has a very low resistance to flow of water from 
inside to the surface and also the lack of protective epidermal structure in mushroom 
allowed the rapid loss of moisture. Moreover, the extremely high respiration rate in 
straw mushroom seems to be one of the reasons for the rapid loss of water content 
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during storage (detail in Chapter 4). Cho et al. (1982) suggested that the rate of water 
loss might be affected by the structure, size and stage of mushroom; the relative 
humidity and temperature of the environment (Ray et al., 1992); air movement and 
also the atmospheric pressure. 
On the other hand, the change in dry weight had no significant difference within 
3 days of postharvest storage (p>0.05) indicated that the weight loss in straw 
mushroom was due to the loss of water content rather than carbon loss in straw 
mushroom. Thus, water loss is as a factor affecting the quality of straw mushroom 
during postharvest storage. As freshness of straw mushroom depends very much on 
preserving its original water content, it is advisable to keep straw mushroom at high 
relative humidity to improve the physical appearance as well as its texture. However, 
the humidity should be kept at the level to prevent the condensation of the water 
vapor on the surface of straw mushroom, otherwise it promotes the bacterial growth 
which may be correlated to the deterioration of mushroom (detailed in section 5.3.4). 
2.3.3 Surface structural changes during postharvest storage 
Using scanning electron microscopy, the change of surface structure of straw 
mushroom during postharvest storage was studied (Figures 2.4 to 2.6). In the fresh 
mushroom, the cap has an open structure of intertwined hyphae with substantial air 
spaces between them. There were relatively few bacterial cells present at day 0. But 
the number of bacteria continuously increased during storage. A substantial amount 
of bacteria on the surface of hyphae at day 3 was noted. The turgid appearance of 
hyphae at day 0 indicated the undamaged mushroom. The longer the storage period, 
the more the collapsed and shrinkage of hyphae occured. It was due to the substantial 
interhyphal cavities, which permit free exchange of water vapor (and other gases) 
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from inside the mushroom to the outside air. And for mushroom after 3 days of 
storage, the hyphae shrinked significantly and mounted with a large number of 
rod-shape bacteria (Figure 2.6D). In other words, significant water loss and bacterial 
contamination in straw mushroom resulted at the end of experiment. All in all, both 
of the water loss and bacterial contamination seem to play a role in determination of 
the quality of straw mushroom during postharvest storage. 
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Figure. 2.1. The appearance of straw mushroom during 3 days of postharvest storage 
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Figure. 2.2. Discoloration of straw mushroom cap tissue, during 3 days of to 
postharvest storage at ambient temperature (20°C±2°C, 64%±2% RH). The error bars 
shown are the standard deviation of the mean. The same letters are statistically 
identical (One Way A N O V A with Tukey test, p<0.05). 
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Figure 2.6. Changes in the straw mushroom surface, during 3 days of postharvest 








Figure 2.6. Changes in the straw mushroom surface, during 3 days of postharvest 








Figure 2.6. Changes in the straw mushroom surface, during 3 days of postharvest 
storage (X3500 magnification). 
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Chapter 3 
Physiological studies of straw mushroom during 
postharvest storage 
3.1 Introduction 
Senescence involves a series of biochemical changes that ultimately lead to the 
death of plant tissues. Senescence can occur at the cellular level, at the organ level or 
at the whole plant. Senescence can be determined both by intrinsic changes in the 
biochemistry of the individual cells and by extrinsic factors such as temperature, 
drought, microbial attack, etc. 
Ripening tissues undergo a series of catabolic events leading to breakdown and 
degradation of a variety of cellular structures, ripening was considered as the early 
stage of senescence. Further deterioration changes occur following ripening and 
these lead finally to cell death. In higher plants, two physiological processes, namely 
ethylene production and respiration are closely related to senescence. 
Ethylene is a plant hormone and is physiologically active in trace amount (less 
than O.lppm). It is recognized as an effector of numerous growth processes including 
germination, abscission and senescence. Dean and Mattoo (1991) described some 
observations for the role of ethylene in higher plants. Firstly, ethylene production 
coincides with some changes characterized in climacteric fruits. Secondly, ripening is 
accelerated by ethylene and slowed down in the presence of ethylene scrubbers. 
Thirdly, ripening can be inhibited by ethylene-synthesis blockers. Finally, the 
existence of mutant lines with apparent defects in ethylene synthesis makes the fruit 
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fail to ripen. These suggest that ethylene plays a direct regulatory role in the ripening 
of higher plants. In other words, ethylene plays a role in senescence process in plants. 
Respiration is often a good index for the storage quality of horticultural produce. 
Robertson (1993) has described several factors that may affect respiration in 
produce: 
The first factor is the respiratory pattern of produce. All fruits may be classified 
as either climacteric or non-climacteric according to their patterns of ethylene 
production and respiration (Friend and Rhodes, 1981). Climacteric fruits, such as 
apple, banana, peach, avocado show an onset of the respiration and ethylene 
production associated with ripening. Climacteric fruits have ability to ripen on the 
parent plant or after detachment. The coincidence of ethylene production with the 
onset of respiration is usually observed (Friend and Rhodes, 1981). The application 
of ethylene to climacteric fruit stimulates production of endogenous ethylene, leading 
to an autocatalytic production of ethylene and also an advancement of respiration 
was detected (Rhode, 1980). Non-climacteric fruits include orange, cucumber and 
citrus. They have only limited capacity to ripen after detached from parent plants. 
They show no massive rise in ethylene production during ripening but ethylene is 
present at low levels throughout their development. Although exogenous treatment of 
ethylene would stimulate respiration, no autocatalytic production of ethylene was 
detected (Rhode, 1980). 
The second factor is temperature. It is the most important environmental factor 
in the postharvest life of horticulture products because of its dramatic effect on the 
rates of biological reaction including respiration. The higher the temperature, the 
higher the respiration rates resulted. But the rate of increase in respiration declines 
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with temperature increased up to 40。C due to the denaturation of enzymes. 
The third factor is oxygen and carbon dioxide concentration. Reduction of O2 
levels or increasing CO2 levels can effectively control the respiration rate and slow 
down senescence. However, if CO2 and O2 exceed the tissues tplerated levels, 
anaerobic respiration or irreversible damaged resulted. 
The final factor is stresses. Physical damage such as surface injuries, impact 
bruising and vibration bruising can stimulate respiration rates. The increase in the 
respiration rate is usually proportional to the damage to the produce. 
During postharvest storage, mushrooms show similar senescence characteristic 
as in higher plants. The harvested sporophore of the cultivated mushroom undergoes 
a series of development. The food reserve in the fruiting body of mushroom becomes 
nutrients for the postharvest sporophore development and hence respiration, is an 
important factor in determining the onset of senescence in mushroom. 
3.2 Materials and methods 
3.2.1 Materials 
Ten fruits, vegetables and mushrooms (pear, potato, cucumber, apple, tomato, 
carrot, broccoli, agaricus mushroom, black mushroom and straw mushroom) were 
purchased from local market. 
J J 
3.2.2 Respiration rates of different produce 
Plant tissue (50g) was placed in an airtight container of approximately 4000ml 
volume. CO2 produced was measured by injecting 1ml of gas sample into infrared 
CO2 gas analyzer (LI COR-6251). Experiments were carried out at room temperature 
(19。C±20C) over a period of 30min. A standard curve was prepared using pure C〇2. 
3.2.3 Changes of respiration rate and detection of ethylene 
production in straw mushroom 
Samples of about lOOg were placed in an airtight container of approximately 
4000ml. CO2 concentration was detected daily by injecting 1ml of gas sample into 
infrared gas analyzer. Ethylene was detected at day 3 by injecting 1ml of gas sample 
into a gas chromatograph (Helwatt Pardard 5890 Series II), connected with a flame 
ionization detector. Mushrooms were stored at ambient temperature I90C士20C for 3 
days. The unit of the respiration rate was expressed as ml COi/kg tissue/h. 
3.2.4 Exogenous ethylene treatment 
About lOOg of straw mushroom were stored in an airtight container at room 
temperature. Ethylene (lOOppm) was injected into the container through the 
headspace at day 0. At day 3, 1ml of the air was withdrawn from the container and 
injected into a gas chromatography (Helwatt Pardard 5890 Series II)，which was 
connected to the flame ionization detector for ethylene analysis. 
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3.3 Results and discussion 
3.3.1 Comparative studies of respiration rates between different 
fresh produce 
Figure 3.1 shows the CO2 standard curve for the determination of respiration 
rate. A good linear relationship between the CO2 concentration was obtained 
(regression coefficient = 0.9892). Figure 3.2 shows the respiration rate (p<0.05) of 
the different produce. Straw mushroom gave the highest respiration rate as compared 
with others and even among the three different edible mushrooms (straw mushroom, 
black mushroom and Agaricus mushroom). The comparative respiration rate can be 
described as follows: straw mushroom > black mushroom > broccoli and Agaricus 
mushroom > carrot > tomato > apple, cucumber, potato and pear. Among the edible 
mushrooms, straw mushroom showed the highest rate, at about 170ml COil^g 
tissue/h. Followed by black mushroom (102ml COi/kg tissue/h) and Agaricus 
mushroom (63ml C02/kg tissue/h). 
Fresh produce examined in this experiment can be classified according to their 
respiration rate. Straw mushroom, black mushroom, broccoli and Agaricus 
mushroom can be classified as high respiration rate produce. Carrot, tomato, apple, 
cucumber, potato and pear can be classified as relatively low respiration rate produce. 
Similar results are reported by Day (1993), except carrot, which is regarded as a 
relatively high respiration rate produce. 
The respiratory process is a very complex biochemical process, and is affected 
by numerous factors. Different respiration rates of the same produce are usually 
reported. Day (1988) has mentioned several factors, such as the size of produce, 
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severity of preparation, maturity and type of tissue, to explain the variation. 
Respiration is also markedly affected by temperature and storage atmosphere. 
Generally speaking, the higher the respiration rates the shorter the storage life 
(Paine and Paine, 1993 and Zagory, 1995). The rate of respiration at harvest is an 
indicator of the speed at which the metabolic substrates are being used. It is evident 
that the respiration of mushrooms is high compared with that of other horticultural 
produce; roughly 10- and 20- fold higher than that of tomatoes and pear, respectively 
(Figure 3.2). The physiological significance of the high metabolic rate in straw 
mushroom is not known. It is obvious that a high metabolic rate would result in a 
rapid breakdown of cellular component, which eventually lead to poor quality, and 
deterioration of tissue. 
3.3.2 Ethylene production and effect of exogenous ethylene on straw 
mushroom 
There is only little research on the ethylene production in the fruit body of 
mushroom. Cho et al. (1982) showed that maximum ethylene production occurred 
subsequent to veil-break in Agaricus bisporus and ethylene production then declined 
as fruit body spomlated and senescence. Also, ethylene is suggested to be involved in 
stimulation of the fruiting of Agaricus mushroom ( Kurtzman, 1995). 
Our result on ethylene production in straw mushroom during postharvest 
storage was shown in Table 3.1. No ethylene could be detected at the end of the 
experiment (day 3). Also, no autocatalytic production of ethylene could be detected 
after treatment with lOOppm of exogenous ethylene (data not shown). Moreover, no 
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response nor any change in the physical appearance was found in straw mushroom 
treated with exogenous ethylene during postharvest storage (data not shown). 
Although ethylene is involved in the pre-harvest development of Agaricus 
bisporus, our results did not indicate that this hormone was involved in any 
postharvest physiological response in the straw mushroom. 
3.3.3 Change in respiration during postharvest storage 
Figure 3.3 showed the change in respiration during 3 days of storage. An overall 
decline in respiration rate was noted. CO2 produced from the fruit body decreased 
from 220ml C02/kg tissue/h at day 0 to 90ml CC^/kg tissue/h at day 3. Such declined 
was nearly 60%. 
The decline in respiratory activity in straw mushroom after harvest is common 
to most horticultural produce. The decline had been also reported in Agaricus 
mushroom (Nichols, 1985). It has been suggested that the decline is due to the 
exhaustion of substrate and senescence of the tissue (Hammond and Nichols, 1975). 
These authors also demonstrated that Agaricus mushroom use mannitol as the major 
respiratory substrates after harvest. It is found to be large enough to account for up to 
50% of the total CO2 production. 
As mention in section 3.3.1, straw mushroom exhibits extremely high 
respiration rate after harvest. Although the respiration rate tends to decline during 
storage, it is still mush higher than the other produce. As after 3 days of storage, 
straw mushroom produced 90ml COi/kg tissue/h (Figure 3.3), but the respiration 
rates of pear and potato gave only 10ml C02/kg tissue/h and 11ml COi/kg tissue/h, 
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respectively (Figure 3.2). Such high physiological activity in straw mushroom may 
lead to rapid deterioration of its quality. Slowing down the respiration rate of straw 
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Figure 3.1. C〇2 standard curve measured at ambient temperature (I90C土20C). Each 
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Figure 3.2. Respiration rate of different fresh produces. Respiration rates were 
measured at ambient temperature (19。C±20C). Each bar represents a mean of three 
replicates. The error bars shown are the standard deviation of the mean. The same 
letters are statistically identical (One Way A N O V A with Tukey test, p<0.05). 
41 
250 j - .--—.—-—— ——-— — —‘---
f ^ ^ 
I 200 \ 
1 ； X 
8 15� \ T 
2 1 0 0 丄 
§ I 丄 
妄 I 




0 1 2 3 4 
Day 
Figure 3.3. Respiration rate of straw mushroom during 3 days of postharvest storage 
at ambient temperature (19 °C ±2。C). Each point represents the mean of three 
replicates. The error bars shown are the standard deviation of the mean. 
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Chapter 4 
Biochemical studies of straw mushroom during 
postharvest storage 
4.1 Introduction 
4.1.1 Hydro lytic enzymes 
4.1.1.1 Protease 
Enzymes that hydrolyze proteins are known as proteases. The site of attack is 
always at the peptide bond between the amino end of one amino acid and the 
carboxyl end of the adjacent amino acid. There are exoprotease and endoprotease. 
Exoproteases attack the ends of the protein chain and remove one amino acid at a 
time. Endoproteases hydrolyze peptide bonds anywhere along the protein chain. 
International Union of Biochemistry and Molecular Biology (lUBMB) (1992) 
has classified 5 classes of proteolytic enzyme according to their catalytic actions. 
These classes are serine-proteinases, thio-proteinases, metallo- proteinases, 
aspatrtic-protinases and proteases with an unknown mechanism. Mathewson (1998) 
has reviewed 4 types of proteases which are classified on the basis of the chemistry 
of their catalytic mechanism: 
The first type is serine (or alkaline) proteases. This type of protease requires a 
hydroxyl group at the active site and also an alkaline condition to function properly. 
This type of protease usually presents in bacteria. 
The second type is thio protease. It requires a sulfhy-dryl functional group in the 
active site, which is contributed by cycteine. Optimum activity tends to be acidic. 
This type of protease can be found in papaya plant. 
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The third type is metalloproteases. It requires metal ion at the active site. It can 
function around neutral condition and so-called neutral proteases. Proteases from 
fungi and bacteria are fall into this category. 
The last type is acid proteases. It requires carboxylic acid at the active site and 
function at a relatively low pH. The best example is pepsin, which is found in human 
stomach. 
It has been reported that protease were involved in fungal tissue autolysis and 
contributed to the loss of sporophore texture and therefore the quality of Agaricus 
bisporus (Burton, 1988a). To understand the deterioration of mushroom quality, the 
study of proteolytic activity in the mushroom during postharvest storage is important. 
4.1.1.2 Lipase 
In living organisms, lipid and protein are the main component of cell membrane. 
Probably all membranes contain phospholipid, the amount of which vary in different 
organisms. In terms of the total lipid content and the proportion of dry weight, 
phospholipid is relatively high in mammalian cell membrane (40% - 80%). Lipid 
content is also fairly high (30% - 40%) in plant membrane and yeast protoplasts. 
Also, many microorganisms, particularly fungi, have been screening for their 
potential to accumulate relatively large quantities of fat (Finean, 1973). Weete (1980) 
described that neutral lipid and polar lipid can be easily extracted from fungal 
membrane. C o m m o n neutral lipids are triacylglyerides and sterol esters, which tend 
to accumulate with age. Predominant polar lipids are the phospholipids, but may also 
include glycolipids. Actually the precise functions of all lipids are not well 
understood. Triacylglycerides are generally considered as reserve lipid that may be 
used for energy and carbon skeleton during growth and development. It is the major 
lipid storage material of fungi. For phospholipids，they are the important structural 
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components of biological membranes, forming the lipid bilayer in which proteins are 
embedded. 
Lipase is a common name for glycerol ester hydrolases that catalyze the 
deacylation of acylglycerides and phospholipids. It attacks a triacylglyceride and 
removes the fatty acids from glycerol backbone. The simplest action of lipase is 
described in Figure 4.1 A. It removes the two outside fatty acids and leaving he 
middle fatty acid attached to the glycerol. Thus two free fatty acids and a 
monoglyceride are produced (Mathewson, 1998). It would be expected that all fungi 
produce lipases and most lipases from fungi prefer to cleave fatty acids from C-1 
position of trigylcerides (Weete, 1980). 
Phospholipases are enzymes that catalyze the hydrolysis of phospholipids. 
These enzymes are also widely distributed in nature and have been detected in plants, 
animals, bacteria and fungi. Phospholipases can be distinguished according to the site 
of action on the phospholipid molecule (Weete, 1980 and Waite, 1996). The sites of 
attack of phospholipases A (Ai and A2), B, C, D are shown in Figure 4.1(B). 
Phospholipase Ai has been detected in a variety of animal tissues and bacteria, while 
phospholipase A2 has been detected in pancreatic tissue and snake renom. 
Phospholipase B can be found in several plant species. Phospholipase C has been 
found in snake venom and bacteria. Phospholipase D can only be detected in plants. 
It is noted that phospholipases have only been investigated in a few fungi. Weete 
(1980) had carried out some studies on fungal phospholipases. It has been reported 
that phospholipase A and C have been detected in yeast and phospholipase B has 
been studied in Penicidlium notatum and Sclerotium rolfsii. 
In higher plant, there are several reports on membrane deterioration occurs 
during senescence. It may be due to the loss of intracellular compartmentation with 
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advancing senescence. It has been demonstrated that a variety of plant tissues 
including leaves, cotyledons, flowers and fruits with the loss of cell membrane 
permeability and become leaky during senescence. Thompson (1984) suggested that 
the loss of membrane phospholipid in cell tissue and exposure of plant tissues to 
various types of environmental stresses participated on structural deterioration and 
loss of the function of cell membrane. It has also been reported that there is a 
pronounced loss of fatty acids from membranes and also increased in phospholipase 
activity in senescing petal. Therefore, it is possible to believe that senescence-related 
changes in membrane structure are due to the activity of phospholipase (Hitchcock 
and Nichols, 1971 and Borchov et al., 1990). 
Enzymes causing changes in the lipid content of edible plants are important in 
agriculture and food industry. Food plants undergo physiological and biochemical 
changes which may be detrimental to the quality of food. These changes are 
important to their storage. Therefore, the study of lipid degrading enzyme activity in 
straw mushroom is important。 
4.1.1.3 Chitinase 
Chitin is the second most common biodegradable polymer in nature. It is a 
homogeneous, unbranched polymer of N-acetyl-D-glucosamine (GlcNAc) linked by 
3-(l-4) glycosidic bonds. It is a common constituent of insect exoskeleton, shells of 
crustaceans. Also, it is an integral component of most fungal cell walls and the sole 
component of the primary septa in yeasts (Fevre et al, 1996). As in Agaricus 
mushroom, chitin is about 43% of the dry weight of the cell wall (Berkeley, 1979). 
The function of cell wall is to maintain the characteristic shapes of mycelia, fruiting 
bodies and spores of fungi. The endogenous lytic enzymes appear to be the function 
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of cell wall modification (Rosenberger, 1978). 
All chitin-containing organisms produce chitinases (EC 3.2.1.14). Chitinases are 
soluble proteins found in different cellular fractions, which are vacuole 
membrane-bounded or cell wall-bounded in various fungi. It has been implicated in a 
number of morphological and physiological processes that occur during the life cycle 
of a fungus. The role of chitinase in fungi can be nutritional, senescence, autolytic 
and involved in cell separation. They may have more subtle roles in the modeling 
and cross-linking of the chitin in fungal wall to give its characteristic shape. While in 
invertebrates, again, the role can be nutritional, occur in guts and saliva or 
morphogenetic, concerning with molting and egg hatching. Some organisms, which 
do not contain chitin also produce chitinases, such as bacteria, higher plants and 
vertebrates. Their role is mainly involved in defense against pathogens and nutrition 
(FlachetaL, 1992). 
Chitinases are defined as enzymes cleaving a bond between CI and C4 of 2 
consecutive N-acetylglucosamines of chitin. Chitinase can be classified into 
endochitinase and exochitinase (Manocha and Balasubramanian, 1994). 
Endo-chitinases cleaves chitin randomly, resulting in soluble low molecular weight 
GlcNAc oligomers. Exochitinases catalyzes the progressive release of chitobiose in a 
stepwise fashion and no monomer or oligomers are formed. 
The biosynthesis of chitin is a subject of active research (Fevre et al., 1996 and 
Merz et al. 1999), but the enzymes that involved in modifying and degrading chitin 
are also interest to mycologists. Yet, very few reports on the activity of chitinase in 
edible mushroom were available. It is important to have some information about the 
changes of chitinase activity during postharvest storage of straw mushroom. 
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4.1.2 Enzymatic browning 
4.1.2.1 Background 
Polyphenol oxidase (PPO) is a key enzyme involved in enzymatic browning. It 
is found in many plant tissues, animals, insects, fungi and even in human. PPO is a 
very important enzyme in determining the quality many produce (Sapers and Hicks, 
1989; Osuga et al., 1994; Sapers et al., 1995a). Fresh mushrooms are especially 
subject to this problem. Browning after harvest is a common phenomenon in 
mushroom crops. Loss of whiteness upon storage is particularly important in the 
mushroom industry (Burton, 1988a). Hegnauer et al. (1985) mentioned that one role 
for the browning enzyme in Agaricus mushroom is melanogenesis during spore 
maturation. The function of the enzyme in non-reproductive tissues of the 
sporophore is unknown. The most plausible role in higher plant as suggested by 
Mayer and Harel (1979), is that the toxic products from enzyme action may provide 
resistance against invading microorganisms. Rough handling, bacterial infection and 
senescence may initiate discoloration reaction. Such discoloration is usually highly 
undesirable from the point of view in nutritional quality and also consumer 
acceptance. 
So far browning has been presented as a problem in food but not all cases are 
undesirable. In some situations such as the manufacture of tea or coffee this 
enzymatic browning reaction is an essential part of the procession. Enzymatic 
browning is responsible in whole, or in part, for the characteristic browning color of 
certain dried fruits, such as dates, prunes and sultanas. In addition, the enzymatic 
products produced by PPO are excellent sun blockers in mammalian skin for 
protection purpose (Sanchez-Ferrer et al., 1995). 
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4.1.2.2 Action of polyphenol oxidase 
Polyphenol oxidase is a group of enzymes includes tyrosinase (EC 1.14.18.1) 
and laccases (EC 1.10.3.2), which oxidize diphenol into corresponding quinones by 
molecular oxygen (Flurkey and Ingebrigtsen, 1989; Robb, 1984; Jolivet et al, 1998). 
There are many known examples of the coexistence of enzyme and substrates in 
the same organ or cell but no melanin formation is evident in the absence of damage 
tissue. Robb (1984) has suggested several reasons to account for this phenomenon. 
First of all, there is separation of enzyme and substrate in different compartment of 
the cell. Secondly, substrate may be present as a precursor. Enzyme may be present 
in an inactive form. Thirdly, enzyme forms complex with an inhibitor. Finally, 
quinine formed may recycle at the expense of a reducing sugar. However, when 
damage to membranes happens, pigment formation is obvious. 
Jolivet et al. (1998) described the simplest action of polyphenol oxidase which 
is shown in Figure 4.2. Tyrosinase or catechol oxidase oxidizes specifically 
o-diphenols。Laccase oxidizes both o- and p-diphenols and is usually inactive against 
monophenols. The resulted diphenol is further oxidized to quinones which then 
undergo further reaction leading to high molecular mass, dark pigment called 
melanins. 
Mushroom polyphenol oxidase has a wide substrate specificity and acts on 
substituted monophenols and o-diphenols (Walker and McCallion, 1980). The 
common melanogenous endogenous substrates in Agaricus bisporus are tyrosine and 
y-L-glutaminyl-4-hydroxybenzene (GHB) (Stussi and Rast, 1981). Jolivet et al. 
(1998) summarized the main endogenous PPO substrates in Agaricus bisporus and 
also some of their structure in Table 4.1 and Figure 4.3. Some of them can be 
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purchased commercially for in-vitro analysis of polyphenol oxidase activity in 
produce, such as catechol, dopa and tyrosine. 
4.1.2.3 Control of enzymatic browning 
In the food industry, the greatest challenge for food technologists is to develop 
more economical and easier methods of preventing undesirable browning during the 
commercial handling and processing of food. 
In theory, PPO-catalyzed browning of fruits and vegetables can be prevented by 
several methods, such as heat inactivation of the enzyme; exclusion or removal of 
one or both of the substrate (O2 and phenols); lowering the pH below the pH 
optimum of the enzyme; by reaction inactivation of the enzyme by adding chemicals 
that inhibit or prevent melanin formation. In this research, utilization of browning 
inhibitors was focused. 
Historically, enzymatic browning was controlled by the application of sulfites 
(SO2, sulfite, bisulfite, metabisulfite). They are powerful antibrowning chemicals. It 
can reversibly inhibit PPO by modifying its protein structure and also interact with 
the intermediate of browning reaction, which in turn inhibits the formation of 
melanin. It is also reported effective against microbial infection (Valero et al, 1992). 
Furthermore, the use of SO2 and metabisulphite may give rise to off-flavors or 
corrosion problems if used in excess. Recently these antibrowning agents have been 
implicated as the cause of some forms of asthma (Sapers and Hicks, 1989, Walker, 
1995). Therefore, the Food and Drug Administration (FAD) has banned the use of 
sulfites in fruits and vegetables served or sold raw to consumers. 
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To meet the needs of the food industry for alternatives to sulfites, a number of 
browning inhibitors have been developed. Vamos-Vigyazo(1995) has reviewed some 
browning inhibitors and they are listed as follows: 
Ascorbic acid, sodium bisulfite and thiol compounds. They are reducing agents. 
These compounds prevent initial enzymatic browning by reducing the product back 
to the original diphenol thereby preventing brown pigment (melanin) formation. 
Tropolone, citric acid and sodium ethylenediaminetetraacetic acid (NaEDTA). 
They are copper chelator. Since there are 2 copper atoms at the active site of PPO, 
they will bind to the active site of PPO and thus inhibit the enzyme. However, such 
inhibitors just slow down the PPO activity instead of total inhibition of the enzyme. 
Kojic acid. It is a y-pyrone derivative. It is a good metal ion chelator by binding 
copper at the active site of the enzyme. It was good to inhibit the rate of oxidation of 
catechol. The higher the concentration, the more pronounced was the inhibitors. 
However, it cannot be used to preserve food which is not originally yellow as it has 
an ability to turn brown pigment into yellow (Kahn, 1995). 
Cinnamic acid. It is a substrate analogous compound. It inhibits the initial O2 
uptake reaction by the enzyme. It is reported to show a promising effect on 
antibrowning activity either competitively or non-competitively, depending on the 
substrate and treatment of the enzyme (Walker and Wilson, 1975). 
Hypochlorite. Sodium and calcium hypochlorites inhibit enzymatic browning in 
fruits and vegetables such a green beans, apples and potatoes. These compounds are 
active on the enzyme itself. However, it is not safe for the application in food 
preservation. 
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4-Hexylresorcinol (4HR). It is an aromatic compound which is an extremely 
effective inhibitor in shrimp. Apple slices required only 1/5 the concentration of 4HR 
for achieving the same result as sulfite. Later Dawley et al. (1993) demonstrated that 
it was also effective in the purified mushroom enzyme than on a crude extract. 
4.2 Materials and methods 
4.2.1 Source 
The straw mushrooms were bought from local market. 
4.2.2 Enzyme extraction 
The straw mushroom (~100g) was homogenized in 200ml extraction buffer 
(500mM potassium phosphate buffer, pH6) for 2min. The homogenate was filtered 
by 4 layers of cheesecloth. The filtrate was centrifuged at 12,000rpm (Beckman 
J2-MI centrifuge, JA-20 rotor) for 20min at 4。C. The supernatant was freeze-dried 
and the powder was resuspended in lOOmM phosphate buffer (pH6). The enzyme 
preparation was dialyzed with dialysis membrane ( M W C O : 6-6800) against 4L of 
5 0 m M phosphate buffer with 3 changes of buffer. The dialyzed enzyme solution was 
used for subsequent studies. 
4.2.3 Soluble protein determination 
The protein was determined by bicinchoninic acid protein assay kit (Sigma: 
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BCA-1). One part of copper (II) sulfate and 50 parts of B C A was mixed together to 
form the protein determining reagent. The reagent (2ml) was added to the standard 
and sample solutions. They were mixed and incubated at 37°C for 30min. The 
absorbence was determined at 562nm and the protein concentration was obtained 
from B S A standard curve. 
4.2.4 Protease assay 
Protease activity was assayed by the method of Sarath et al.(1989). Substrate 
solution (2% azoprotein) and enzyme solution were equilibrated at 37°C. Substrate 
(250|al) and enzyme (150|il) were mixed thoroughly. The reagent blank was prepared 
by replacing the enzyme solution with buffer solution (0.2M). The reaction mixture 
was incubated at 37。C for 30min. The assay was terminated with 1.2ml 10% 
trichloroacetic acid. The assay solution was mixed thoroughly and allowed to stand 
for 15min. The resulted solution was centrifuged at 8,000g for 5min. The supernatant 
(1.2ml) was mixed with 1.4ml I M NaOH. The absorbance was determined at 440nm. 
pH studies were carried out at a range between pH6 and pH9。Buffer solutions used 
in the experiment were potassium phosphate buffer (pH6 and pH7) and Tris-HCl 
buffer (pH8 and pH9). One unit of protease activity is defined as the amount of 
enzyme required to produce an absorbance increase of 0.001 unit per minute. 
4.2.5 Lipase assay 
Lipase activity was determined by a lipase assay kit (Sigma:805-A). 
1,2-Diglyceride provided in the assay kit was the substrate for the assay. Substrate 
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solution (0.9ml) was added into 3 cuvettes, which were blank, standard, and sample. 
Dionized water, standard solution or samples (0.015ml) was added into the cuvettes, 
respectively. They were mixed by gentle inversion and then incubated for 5min at 
37°C. Activation reagent (0.3ml provided in the assay kit) was added and mixed 
before further incubation at 37°C for 3min. The initial absorbance of all mixtures was 
read at 550nm against the blank. Then the incubation was continued for exactly 2min 
and the final absorbance was read (550nm) and recorded. The rate of increase in 
absorbance is directly proportional to the lipase activity in the sample. 
4.2.6 Chitinase assay 
Chitinase activity was assayed by the method of Havukkala et al.(1993) with 
modification. p-Nitrophenyl-p-D-N-acetylglucosaminide (pNP-NAGl, Sigma N9376) 
was used as substrate. Enzyme solution (SOOjil) and substrate (300|^ 1) (O.lmg/ml in 
0.2M buffer solution) were mixed and incubated at 37。C for 30min. The reaction was 
stopped by I M Na2C03 (1:100 in volume). The absorbance was measured at 410nm 
at 25°C. pH studies was carried out at a range between pH4 and pH8. Buffer 
solutions used in the experiment were citrate buffer (pH4 to pH5), potassium 
phosphate buffer (pH6 and pH7) and Tris-HCl buffer (pH8). One unit of chitinase 
activity is defined as the amount of enzyme required to produce an absorbance 
change of 0.001 unit per minute. 
4.2.7 PPO assay 
PPO was assayed by method modified from Ratcliffe et al. (1994) and Zang and 
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Flurkey (1997). The reaction mixture contained 0.2ml of enzyme solution, 1.8ml of 
2 0 0 m M citrate buffer (pH5) and 1ml of catehol as substrate. The absorbance was 
measured at 420nm at 25°C. Blank was prepared by replacing enzyme with buffer 
solution. One unit of enzyme activity was defined as a change of 0.001 absorbance 
unit per minute. 
4.2.8 Optimal pH determination and substrate specificity of PPO 
PPO was assayed by method modified from Ratcliffe et al. (1994) and Zang and 
Flurkey (1997). The enzyme extract was prepared by the method mentioned in 
section 3.2.2. The reaction mixture consisted of 1.8ml of 0.2M buffer, 1ml of 
substrate solution and 0.2ml enzyme solution. Activity was monitored 
spectrophotometrically (Milton Roy Spectronic 3000) at 25°C. Different substrates 
with different maximum absorbance (in parenthesis) were used in the assays: 
catechol (420nm), 1-dopa (475nm), p-cresol (410nm), 1-tyrosine (475nm), 
3,3'-diaminobenzidine (DAB 410nm), p-phenylenediamine (410nm). Substrate 
concentration in each assay was 5mM. Blanks were prepared by replacing enzyme 
with buffer solution. 
pH studies were carried out at a range between pH3 and pH8. Buffer solutions 
used in the experiment were acetate buffer (pH3 — pH5), potassium phosphate buffer 
(pH6 and pH7) and Tris-HCl buffer (pH8). One unit of enzyme activity was defined 
as a change of 0.001 absorbance per minute. 
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4.2.9 PPO inhibitors studies 
Eleven inhibitors were chosen for the in-vitro test to investigate the inhibitory 
effect on PPO in straw mushroom (Vamos-Vigyazo, 1995). Inhibitor solutions 
included, (1) ascorbic acid, (2) diethyldithio-carbamic acid, (3) kojic acid, (4) 
tropolone, (5) cinnamic acid, (6) sodium metabisulphite, (7) sodium chloride, (8) 
sodium bromide, (9) sodium flouride, (10) citric acid and (11) sodium 
ethylenediaminetetraacetic acid (NaEDTA). All inhibitor solutions were prepared at a 
concentration of 150mM. 
The effect of inhibitors on PPO was determined using enzyme assays containing 
catechol, citrate buffer (200mM, pH5), enzyme solution and inhibitor solution. The 
final inhibitor concentration in the reaction mixture was diluted to I m M and l O m M 
with distilled water. The absorbance was determined at 420nm at 25°C. The result 
was expressed as "% inhibition". 
4.2.10 Localization of PPO in the fruit body of straw mushroom 
Localization of PPO was carried out as described by Vamer (1992) with 
modification. Fresh mushrooms were cut longitudinally or transversely. Mushroom 
slices were pressed onto dry nitrocellulose membranes for 15min. The nitrocellulose 
membranes were then laced on No.l Whatman filter paper, which soaked with 0.5M 
citrate buffer (pH5) containing 5 m M catechol. Reaction was allowed to proceed for 
ISmin until brown color observed. Membranes were removed from the filter paper 
and allowed to air dried for 2min. Photos were taken by digital camera (PIXERA, 
P V C lOOC). 
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4.3 Results and discussion 
4.3.1 Protease activity during postharvest storage 
A crude enzyme extract from V. volvacea fruit body was assayed for protease 
activity. The optimum pH of protease was shown in Figure 4.4. Protease activity in 
straw mushroom showed a maximum at pH7. The optimal condition in Agaricus 
mushroom has been reported to be around pH7 to pH7.5 (Burton et al., 1993; Burton 
et al., 1994; Burton et al., 1997). Also, proteases from senescent sporophores of 
Agaricus bisporus and Agaricus bitorquis are predominantly metallo- and 
serine-proteinases (Burton et al, 1993). As mentioned before, proteases that showed 
an optimal activity at neutral pH are classified as metalloprotease. Therefore, 
protease found in straw mushroom might belong to this category. And this need to be 
confirmed by using different types of protease inhibitors for the activity assay。 
Protein content and protease activity were shown in Figure 4.5. The level of 
soluble protein in the fruit body of straw mushroom decreased by 49% after 3 days of 
postharvest storage at ambient temperature. A relatively rapid loss of protein was 
observed after 1 day of storage. On the other hand, a rise in protease activity was 
observed. The activity dramatically increased during the first two days of storage and 
reached a plateau at day 3. Similar phenomenon had also been reported in Agaricus 
mushroom (Burton et al., 1993; Burton et al, 1994; Burton et al., 1997). 
The fall in soluble protein and the increase in protease activity during 
postharvest storage seem related. During postharvest storage, the fall in protein level 
is more likely due to the proteolytic action. The increase in protease activity in the 
fruit body seems to break down protein into amino acid and provides nutrient and 
energy for development such as elongation and cap opening. As a result, proteolysis 
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would be expected to be controlling the overall protein level during postharvest 
storage. 
Burton et al. (1993) demonstrated that proteases accumulated at the cap tissue, 
which suggested that the enzymes involved in the lysis of intracellular membrane of 
sporophore in Agaricus mushroom. Robb (1984) and Burton (1988a) demonstrated 
that the increase in protease activities during sporophore senescence might be 
responsible for the increase in the discoloration on the mushroom cap by activating 
PPO after harvest. Therefore, the increase in protease activity appeared to be closely 
related to the deterioration of straw mushroom during postharvest storage. 
4.3.2 Lipase activity during postharvest storage 
Changes in lipase activity during postharvest storage were shown in Figure 4.6. 
The activity was more or less the same in the first 3 days of storage. At day 3, a 
dramatic increase in lipase activity resulted and the increase was more than 50% of 
the original activity. 
There is little research on lipid metabolism in fungi. It has been demonstrated 
that lipid can serve as an endogenous source of energy for fungal spore germination 
(Weete, 1980). Several studies demonstrated the deterioration of membrane in higher 
plants (Borochov et al, 1978 and Brown et al., 1990). It had been shown that there 
was an extensive catabolism of membrane phospholipids during senescence of 
flower petals, leaves, cotyledons and ripening fruit. Several phospholipid degrading 
enzymes have been identified in plant tissues including, lipolytic acyl hydrolase, 
phospholipase C and phospholipase D. And recent evidence suggest that 
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phospholipase D may initiate phospholipid catabolism in senescing membranes 
(Brown et al., 1991). In potato leaves, a rapid breakdown of membrane 
phospholipids occurred during senescence. This process might be activated by 
endogenous proteases (Moreau and Morgan, 1988). Thompson (1984) demonstrated 
that there was a pronounced loss of fatty acid from membranes and also an increase 
in phospholipase activity in senescing petal. In senescence processes, the changes of 
membrane begin with a change in phospholipid turnover, which leads to a decrease 
in phospholipid content and an increase in the ratio of sterol: phospholipid. The high 
sterol: phospholipid ratio also leads to a decrease in lipid fluidity. The high amount 
of lipids in gel phase will eventually influence the permeability of the membrane 
(Borochov et al., 1990). All the evidence indicated the relationship between lipid 
degrading enzyme and senescence process of the tissue. 
Living tissues in straw mushroom remains alive after harvest while the 
exogenous nutrient supply is cut off. Thus, they have to depend on the endogenous 
reserve in order to exhibit their normal metabolic activities including respiration and 
development. It is possible to believe that autolysis occurs once their endogenous 
reserves are depleted. Lipid-degrading enzyme in straw mushroom may participate in 
membrane deterioration, since a dramatic increase in lipase activity coincided with 
the lysis phenomenon observed at day 3. This hypothesis required further study of 
the changes of lipid content in straw mushroom during postharvest storage. 
4.3.3 Chitinase activity during postharvest storage 
The pH optimum of chitinase in straw mushroom was found to be pH5 (Figure 
4.7). The pH optimum in fungi has been reported in the range of pH4.5 to pH6.5 
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(Stirling et al., 1979). Manocha and Balasubramanian (1994) suggested that chitinase 
is an enzyme active at slightly acidic pH, with a high temperature optima and a high 
degree of stability. 
Chitinase activity in the fruit body of straw mushroom during postharvest 
storage is shown in Figure 4.8. Continuous increased in chitinase activity was found 
during 3 days of storage. Specific activity of chitinase increases from about 7 units at 
day 0 to 21 units at day 3. It was noted that such increase was nearly 3 times of the 
original value. Moreover, the activity was dramatically increased at day 3. 
There is little research on chitinase activity in mushroom. Iten and Matile 
(1970), reported on the process of autolysis of mature fruit bodies of Coprinus 
lagopus accomplished by the action of chitinases, which were formed shortly before 
spore release began. They believed that chitinases had no apparent function in 
intracellular digestion since they were synthesized shortly before autolysis of gills. 
Chitinase apparently plays a role in growth and cell separation in mushroom. As 
mushroom is still alive after harvest, continuous development was noted (Burton et 
al., 1993 and Burton et al, 1997). It is suggested that chitinase is involved in the 
breakdown of fungal cell wall to prepare for the insertion of new material, allowing 
growth to occur (Rosenberger，1978). Herrera-Estrella and Chet (1999) described 
that chitinases were bound to cell wall and could passively be released into the wall 
when metabolic activity stopped in senescent cells and eventually led to breakdown 
of tissue. In other words, chitinase may be involved in the natural senescence of the 
fruit body of straw mushroom during storage. Moreover, there was a report showing 
that lytic enzymes appear to be controlled by catabolite repression, as carbon 
starvation lead to a 30-fold increase in the amount of chitinase in fungi (Rosenberger, 
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1978). However, the use of wall polymers for endogenous metabolism is quite 
complicated, as there is the lack of information of which one particular compartment 
can use its own wall polymer for such purpose (Berkeley, 1979) 
In our studies, the increases in chitinase activity in straw mushroom during 
storage coincided with the deterioration of straw mushroom. It is believed that 
chitinase may participate in the autolysis of straw mushroom. 
4.3.4 pH optimum and substrate specificity of PPO 
The optimum pH of PPO in straw mushroom was shown in Figure 4.9. PPO 
activities in straw mushroom showed a maximum at pH5 regardless of the substrates 
used. 
The specific activities of PPO towards different substrates were showed in 
Figure 4.10. PPO activity was the greatest when using catechol as substrate. It was 
followed by p-phenylenediamine and p-cresol > 3,3' -diaminobenzidine > 1-dopa > 
1-tyrosine. The specific activity of PPO using catechol was about 5 times higher than 
using tyrosine as substrate. 
The pH optimum of PPO in straw mushroom was found to be pH5. The pH 
optima of most of the catechol oxidases studied in mushroom and higher plants fall 
between pH5 and pH7 (Mayer and Harel, 1979; Ratcliffe et al., 1994 and Zhang and 
Flurkey et al., 1997). Actually, difference in pH optimum in the same species has 
often been reported. It can be caused by the age of tissue and storage temperatures 
(Mayer and Harel, 1979). These changes may lead to the pH optimum shift from 
neutral to alkaline region (Mayer and Harel, 1979). 
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Selected phenolic compounds were tested as potential substrates for PPO in 
straw mushroom. Some of them are specific for tyrosinase, such as 1-dopa, catechol, 
tyrosine, and p-cresol. The others are specific for laccases, such as 
p-phenylenediamine and 3,3‘-diaminobenzidine (Ratcliffe et al., 1994; Flurkey et al., 
1995 and Zhang and Flurkey, 1997). Although the results indicated that PPO in straw 
mushroom has broad substrate specificity, it gave the highest activities towards 
catechol. In other words, phenol oxidase in straw mushroom may be tyrosinases 
rather than laccases. Further experiments are required to confirm this speculation. 
Flurkey et al. (1995) stated that the choice of substrates, specific inhibitors for 
tyrosinase and laccase would be needed to differentiate them. Unfortunately, the 
differentiation will become difficult when they are present in different concentrations 
and utilized similar substrates in the tissue. 
From the result, PPO showed the highest activity toward catechol. Therefore, 
catechol was used as substrate in the subsequent experiments in the research. 
4.3.5 PPO activity during postharvest storage 
The activity of PPO in straw mushroom was shown in Figure 4.11. PPO activity 
gradually increased during the first 2 days of storage and then exhibited a significant 
increase at day 3 (p<0.05). It matched the observation that severe browning of straw 
mushroom resulted at day 3 of storage (Figure 2.1). 
PPO was known as the enzyme responsible to cause enzymatic browning in 
many plant tissues. Straw mushroom especially subjected to this browning problem. 
Therefore, the investigation of PPO activity during postharvest storage in straw 
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mushroom is very important 
PPO has been known to occur in a latent or inactive state (Vamos-Vigyazo, 
1981; Robb, 1984 and Mayer, 1987). The amount of mushroom PPO present in 
active state was suggested to be 1% - 5% of the total enzyme measured in the cap 
and stipe of Agaricus bisporus (Yamaguchi et al., 1970 and Flurkey and Ingebrigtsen, 
1989). Mau et al. (1993) reported that the level of active PPO in Agaricus mushroom 
was increased during postharvest storage as a result of enzyme activation or newly 
synthesis of specific PPO when mechanical damage occurred. Moreover, the change 
of PPO activity may be considered as the indication of switching from growth to 
senescence. 
The increase in protease activities in straw mushroom may be involved in the 
degradation of protein in the intracellular membrane during postharvest storage. The 
decompartmentation process in the cell allows melanogenous substrates (phenols and 
oxygen) to come into contact with the active form of PPO and then induce browning 
to occur (Burton, 1987). The action of bacteria in mushroom may also induce this 
browning reaction to occur. Also, Goodenough and Ricketts (1977) and Riquelme et 
al. (1994) had demonstrated that high temperature correlated with the increase of 
PPO activities in produce. On the whole, the increase in browning during postharvest 
storage may be a recognizable signal of aging in the case of straw mushroom. 
4.3.6 Effect of various inhibitors on PPO activity 
The eleven compounds listed in Table 4.2 were inhibitors of different plant PPO. 
Their inhibitory effects on straw mushroom PPO were quite different. The results in 
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Table 4.2 showed that ascorbic acid, sodium metabisulphite, tropolone, 
diethyldithio-carbamic acid and kojic acid were most potent as they exhibited 100% 
inhibition on the enzyme activity at I m M concentration. The rest of the chemicals 
were less potent. For sodium chloride, it showed low inhibition on PPO at I m M 
concentration, but 100% inhibition was obtained at l O m M concentration. Cinnamic 
acid showed 18% to 64% inhibition and citric acid show 36% to 79% inhibition 
when the concentration rose from I m M to lOmM. It was interested to find that there 
was no inhibitory effect or even slight promotion of PPO activity at I m M 
concentration of sodium bromide and sodium flouride. And only a weak inhibition 
(23%) was found at l O m M concentration in both cases. In the case of NaEDTA, 
maximum inhibition was obtained at I m M and increasing the concentration to l O m M 
did not result in further inhibition. 
Some of these inhibitor tested had been used to study other mushroom PPO. 
These included tropolone, kojic acid and sodium metabisulfite. They had also been 
reported to be effective on mushroom PPO (Fang et al., 1974; Kahn and Andrawis, 
1985 and Vamos-Vigyazo，1995). 
The search for effective PPO inhibitors is essential to the further development 
of methodology to control enzymatic browning of the straw mushroom. 
4.3.7 Localization of PPO in the fruit body of straw mushroom 
If PPO is responsible for the browning reaction of straw mushroom, its 
localization in the fruit body will have a direct impact on the deterioration of quality 
caused by browning. The localization of PPO in transverse sections of straw 
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mushroom is shown in Figure 4.12. In general, brown color was located at the outer 
region and the inner part of the fruit body of straw mushroom. In longitudinal 
sections (Figure 4.13), brown color were also detected at the outer part and the inner 
part of the fruit body. 
From both transverse and longitudinal sections of straw mushroom, it is evident 
that the localization of PPO was mainly at the skin and the pileus region of the 
mushroom. In Figure 4.12D, the brown color was only found at the outer region of 
the tissue as the section was actually taken at the base of the fruit body where the 
pileus was absent. In the case of Agaricus bisporus, several researches had 
demonstrated that skin tissue and gill tissue had much PPO activity then in the flesh 
tissue. It may be due to the present of more enzymes in its active state in the skin 
rather than in the flesh (Burton, 1988b, Whichers and Leeuwen, 1996 and Jolivet et 
al., 1998). Also, Burton (1987) demonstrated that when the sporophore skin and 
exposed flesh are subjected equally to handle damage, the skin showed more 
browning. This evidence supports the greater activity of phenol oxidase and the 
higher levels of phenols in the skins and pileus rather then in the flesh tissue. 
Therefore, this agrees with the findings that PPO was mainly located at the skin and 
the pileus region of the fruit body of straw mushroom. 
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Table 4.1. UV-visible spectral characteristics of the main substrates involved in 
Agaricus bisporus browning. 
一 又 max(iim) g(M-icm-i) 
G ^ 246 (pHl) 11 OOP 
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285 4240 










Tyrosine 223 (acidic pH) 8200 
275 1340 
240 (alkaline pH) 11050 
294 2330 
D O P A 210 -
220 -
280 (pH7.5) 2806 
295 (pHlO.5) 4490 
DOPAchrome 475 3600 
475 3313 
Catechol 241 6300 
275 2300 
236 (alkaline pH) 6800 
292 3500 
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Table 4.2. Inhibitory effects of different chemicals on PPO activity in straw 
mushroom. 
Inhibitors Inhibitory effect (%)~~Inhibitory effect (%) 
I m M l O m M 
Ascorbic acid 100士0 100±0 
Sodium metabisulphite 100士0 100士0 
Tropolone 100±0 100 土 0 
Diethyldithio-carbamic 100 士 0 100 士 0 
acid 
Kojic acid 100±0 100士0 
Sodium chloride 14士3.7 1 0 0 ± 0 
Cinnamic acid 1 8 ± 3 . 5 6 4士 1.2 
Citric acid 3 6士 1.5 79士5.5 
Sodium bromide 0士 1.0 23士 1.5 
Sodium flouride -2±1.3 23±1.1 
N a E D T A 6 2 ± 1 . 9 5 2士 2 . 4 
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Figure 4.1. (A) Action of lipase on triacylglycerides. (B) Sites of action of 
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Figure 4.3. Structures of the main endogenous substrates responsible for enzymatic 
browning in Agarhics bisporus. 
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Figure 4.4. Effect of pH on protease activity of the enzyme preparation from straw 
mushroom. Enzyme was assayed at 37。C in reaction mixtures adjusted to different 
pH values with 0.2M acetate, phosphate and Tris-HCl buffer. Each point represents 
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Figure 4.6. Change in the lipase activity of the fruit body of straw mushroom during 
3 days of postharvest storage. Each point represents the mean of three replicates. 
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Figure 4.7. Effect of pH on chitinase activity of the enzyme preparation from straw 
mushroom. Enzyme was assayed at 37°C in reaction mixtures adjusted to different 
pH value with 0.2M acetate, phosphate and Tris-HCl buffer. Each point represents 
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mean. 
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Figure 4.8. Change in chitinase activity of the fruiting body of straw mushroom 
during 3 days of postharvest storage. Each point represents the mean of three 
replicates. Error bars shown are the standard deviation of the mean. 
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Figure 4.9. Effect of pH on PPO activity with different substrates. Enzyme was 
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Figure 4.11. Change in PPO activity in the fruiting body of straw mushroom during 
3 days of postharvest storage. Each point represents the mean of three replicates. The 
error bars shown are the standard deviation of the mean. 
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Microorganisms in the fruit body of straw mushroom 
during postharvest storage 
5.1 Introduction 
Microbial growth in foods results of food spoilage with the development of 
undesirable characteristics, such as changes in color, texture, flavor or odor. 
Microorganisms have the ability to multiply at high rates when favorable conditions 
are present. Prior to harvest, produce generally has good defense mechanisms against 
microbial attack, however, after separation from parent plant, they can easily suffer 
from microbial proliferation. Most microorganism can damage produce and able to 
penetrate the skin of healthy tissue, resulting in complete loss of commodity due to a 
magnified damage. Spoilage often warns consumers that a food might be unsafe. The 
development of sufficient numbers of pathogenic microorganisms or their toxins 
usually make a person become ill. It is possible that foods spoil without becoming 
pathogenic (Brody，1989). 
Jay (1992b) summarized eight relatively important environmental sources of 
organisms found in foods (Table 5.1). There include 36 genera of bacteria and four 
protozoa. Their level and types vary greatly depending on several factors including 
intrinsic factors and extrinsic factors (Hayes, 1992, Jay, 1992b, Mountney and Gould, 
1992, Ray and Daeschel, 1992). 
Intrinsic factors including the chemical, physical and biochemical 
characteristics of produce, such as moisture content, pH, nutrient content and 
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antimicrobials constituents. Among these intrinsic factors, moisture content in food 
is more important in controlling microbial growth. It is because freely available 
water, which referring to the water without the presence of salt, is necessary for 
survival and metabolism of all cells. The reduction or removal of part of the free 
water from food can effectively slow down the growth of microorganisms. The other 
important intrinsic factor is pH. All microorganisms have an optimum pH to grow 
best. It has been well established that most microorganisms grow best at neutral pH, 
thus, microbial population can be controlled by treatment of food at lower pH 
condition during storage. It is because the 'acid food' will not permit spore 
germination that in turns controlled their population. For nutrient content, 
microorganisms must depend on nutrients for both energy and growth. Generally, 
microorganisms found in a particular foodstuff because the required nutrient is in the 
food. Energy requirements vary from simple carbon sources to complex cellulose 
compounds for their own biosynthesis of enzymes. Some microorganisms cannot use 
proteins, others can only use nitrogen source for energy. 
Extrinsic factor including temperature and storage atmosphere composition. The 
most important extrinsic factor is temperature. This factor is profoundly important 
since temperature markedly influences the growth and metabolic activity of all living 
cells. Such effect is often expressed by an index called the temperature coefficient or 
Qio. The growth rate of microorganisms seems to be greatly affected by this factor. 
The other important factor is storage atmosphere of food. It is widely reported that 
the use of modified/controlled atmospheres to extend the storage life of food has 
received a lot of attention during 1980. Different composition of storage atmosphere 
seems to be able to effectively inhibit aerobic, anaerobic and facultative 
microorganisms in storage foods. 
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A worldwide survey has shown that the quality of the major commercially 
important edible mushroom, Agaricus, Pleurotus, Lentinus, Flammulina, Volvariella 
and Auricularia, are affected by bacterial diseases (Fermor, 1987). This lead to the 
substantial losses in revenue and profit every year. The primary disease affecting 
edible fungi is briefly summarized in Table 5.2. Psuedomonas spp. is the major 
pathogens of edible fungi affecting Agaricus, Lentinus and Pleurotus. Peudomonas 
tolaasii causes blotching of both Agaricus bisporus and Pleurotus spp.. 
Pseudomonas agarici is the second pathogen causing diseases in Agaricus and 
Pleurotus. While in the case of Volvariella, the bacterial causing disease is still 
unidentified. 
Due to the disease problems occurs in many different types of mushroom crops. 
Many reliable means of controlling these disease outbreaks are developed. They are 
discussed as follows: 
(1) Environmental manipulation 
Many authors reported that the high relative humidity and the persistence of 
moisture films on the surface of mushroom caps during storage, usually increases 
bacterial growth and eventually lead to spoilage during storage (Brody, 1989, 
Blakistone, 1993 and Phillips, 1996). Therefore, the reduction of surface moisture by 
moisture absorber or other means seems important. Also, the advent of modem 
equipment for the grower to control temperature and carbon dioxide concentration of 
the atmosphere, as well as the quantity of water and nutrient should be beneficial to 
the storage. 
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(2) Chemical control. 
The application of stabilized chlorine dioxide (Oxine), sodium hypochlorite in 
postharvest mushroom can reduce bacterial population during storage (Beelman, 
1988). Also, pre-harvest spraying of CaCh solution to reduce microbial population 
after harvest was also noted (detail in section 6.3.2). 
(3) Biological control. 
Biological control is referring the usage of one organism to control another. 
It uses the antagonistic bacteria to control bacterial blotch of mushroom. This method 
is effective in controlling diseases when pathogen population was still at a low level. 
It can give a 50% decrease in the number and weight of blotched mushroom corps 
(Fermor, 1987). 
Biological agents hold great promise as an alternative to the use of chemicals. It 
is generally recognized that biological control agents are safer. It has a number of 
points much better than chemical control. For example, pathogens which do not 
build-up resistance to antagonistic bacteria; it is also not phytotoxic and do not 
reduce mushroom yields; it can eliminate the uses of powerful, environmentally 
dangerous pesticides; moreover, long lasting and further investments in control are 
not necessary (Fermor, 1987 and Herrera-Estrella and Chet, 1999). However, the 
need for a solid understanding of the mode of action of bacterial control agents 
seems very important. 
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5.2 Materials and methods 
5.2.1 Evaluation of bacterial population 
The microbial contamination was estimated in 3 days of storage at ambient 
temperature (20OC土之。。，relative humidity 6I0/0士2o/o). A punnet of mushroom (50g) 
was homogenized in 450ml 0.9% NaCl� solution for 2min in a Stomacher Laboratory 
Blender 400 (Seward Lab., London, UK). The homogenate was serially diluted 
(10-3—10-7) and the resulted supernatant were spread in duplicate on nutrient agar 
medium (Difco). The plates were incubated for 24h at 37。C before counting. Total 
counts were expressed as colony forming unit CFUg'^ fresh mushrooms. 
5.2.2 Isolation of bacteria 
Following determination of bacterial populations in section 5.2.1, the plates at 
day 0 and day 3 were saved for isolation of typical colonies. For the plates of day 0, 
colonies in all dilutions were considered, while at day 3, colonies only present in the 
lowest dilution was selected for isolation. Colonies appearing to be morphologically 
distinct from each other were selected and randomly numbered. These colonies were 
selected and streaked for purity on nutrient agar and incubated at 37。C for 24h for 
identification. 
The identification of bacterial isolates was completed in three ways. Bacterial 
identification was first performed by using the automated ribotyping device, 
Riboprinter® Microbial Characterization System (Qualicon™, Wilmington, DE). 
Oscar (1998) has reported the detailed RiboPrinter procedure. All of the reagents and 
materials were provided from Riboprinter. Cells were grown overnight on nutrient 
agar plate at 37。C and colony was selected and suspended in the lysis buffer by 
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vortexing. An aliquot of the cells were transferred to eight well sample carrier and 
then transferred to preprogrammed heat treatment station for lOmin. After cell 
inactivation, lysis reagents were added to each of the sample wells. The sample 
carrier was then loaded into the microbial characterization unit for automated 
identification. 
Comparison and classification of the riboprint pattern was carried out by the 
software, which included in the Riboprinter system. The resulted D N A fragments 
patterns were compared with the library of ribotype pattern supplied by Qualicon. If 
a close match with similarity >0.85 was found, a positive identification was made. 
Some of the isolates were identified by Biolog microbial identification system 
(BIOLOGTM)。It is consisting of a Microstation computer, turbidimeter (optical 
density at 590nm), MicroLog software, microplate reader. A 96-well microplate was 
designed to test the ability of the inoculated microorganism suspension to utilize 
(oxidize) a panel of 95 different carbon sources. A pure fresh bacterial culture was 
first used to perform a standard Gram stain. It was then prepared into a liquid 
inoculum with turbidity within the specified range and inoculated into the microplate 
at 30°C and the microplate was read after 4-6h and 16-24h by Micro Station Reader 
(Emax) with 590nm. The isolates were tested in duplicate. Biolog identifications 
were accepted as correct if the similarity index of the genus and species name was 
0.750 or greater at 4h or 0.500 or greater at 24h. 
The rest of the unidentified bacteria were sent to Microbial ID, Inc. (in USA). 
Bacterial isolates were identified by their cellular fatty acids using gas 
chromatography. Analysis of an unknown results in an automatic comparison of the 
fatty acid composition of the unknown strain to a database. The database consists of 
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more than 100,000 analyses of strains. The result was accepted as good matches 
when the similarity index of the genus and species name were 0.600 or higher. 
5.2.3 Treatment with antibacterial agents 
Straw mushrooms (lOOg) were treated with different antibacterial agents from 
Sigma. These included lOOppm and lOOOppm of streptomycin sulfate, penicillin G 
and streptomycin sulfate combined with penicillin G. Mushrooms were dipped into 
antibiotic solutions for 2min and allowed air dried. Mini-Q water was used as the 
control group. Treated mushrooms were stored at ambient temperature (20°C±2°C, 
61%±2o/o RH) for 3 days. Mushroom quality was assessed by taking photos 
(PIXERA, P V C lOOC) and measuring color values L*a*b* as described in section 
2.2.1� 
5.2.4 Effect of moisture on bacterial population 
Straw mushroom (lOOg) were placed in an airtight container of about 4000ml 
volume with or without moisture absorber. The experiment was carried out at 20°C 
for 3 days. The microbial populations were determined as described in section 5.2.1. 
5.2.5 Statistical analysis 
Data on color changes in straw mushroom were subjected to analysis of 
variance (ANOVA). A 95% significant difference (p<0.05) was used to test the 
equality of means between treatments. 
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53 Results and discussion 
5.3.1 Bacterial population during postharvest storage 
Bacterial population continued to increase during postharvest storage at ambient 
temperature (20OC士之^二 61o/o士2o/o RH) for 3 days (Figure 5.1). Bacterial counts 
changed from at approximately 90X10^ CFU/g at day 0 to approximately 90X10? 
CFU/g at day 3, with a 10-fold increase during a 3 days period. There was a dramatic 
increase in bacterial population at day 1 and then with a gradual increase at the end 
of the experiment. On the other hand, discoloration and lysis were observed from day 
3 only. 
The initial bacterial population seems to be an important factor in the 
deterioration of Agaricus mushroom during storage。The higher the population, the 
faster the deterioration of the mushrooms during storage (Beelman, 1988). Doores et 
al. (1987) demonstrated that the presence of bacteria in Agaricus mushroom 
promoted post-harvest deterioration. Doores et al (1987) and Beelman et al. (1989) 
also suggested that continuous increase in the rate of browning in harvested 
mushroom was related to bacterial growth. As microorganisms are responsible for 
structural damage, it can facilitate the interaction between PPO by mixing with 
endogenous substrate and eventually lead to browning occur. Therefore, the increase 
in bacterial population seems to be related to the deterioration of straw mushroom。 
Further experiment was conducted on the effect of antibiotics on the quality of straw 
mushroom during postharvest storage in order to support this suggestion. 
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5.3.2. Bacteria growth and mushroom deterioration 
The above result indicated that the postharvest quality of straw mushroom 
seems to be related to bacterial sopilage. The effect of bacteria on the quality of 
straw mushroom could be supported in the following experiments employing 
antibiotic treatment.. 
Figure 5.2 showed the influence of different antibiotics on the quality of straw 
mushroom, which was stored for 3 days at ambient temperature (20°C±2°C， 
61o/o±2o/o RH). Figure 5.2 illustrated that straw mushroom suffered severe browning 
and lysis in the control group but remained relatively whiter in all other treatments. 
However, there were visually differences in the color of the mushroom treated with 
different antibiotics and those with the same antibiotics but different concentrations. 
Mushroom treated with lOOOppm penicillin G seem to be whiter than mushroom 
treated with lOOppm penicillin G (Figure 5.2 A). It was similar in streptomycin 
sulfate treated mushroom (Figure 5.2 B). No visible difference between lOOOppm 
and lOOppm of penicillin G + streptomycin sulfate treated mushroom (Figure 5.2 C) 
was noted. 
For color measurement of mushroom cap tissue during storage, a clear effect of 
antibiotics on mushroom quality was demonstrated. 
a) L* value 
Table 5.3 shows the changes of L* value of straw mushroom treated with 
different antibiotics. At the beginning of the experiment (day 0)，there were no 
significant differences between different treatment groups (p>0.05). Difference 
occurred after 1 day of postharvest storage; mushroom treated with different 
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types of antibiotics showed a significantly higher L* value as compared with the 
control (p<0.05), except in the case of lOOppm streptomycin sulfate (p>0.05). In 
other words, lOOppm streptomycin sulfate seemed to be less effective to inhibit 
bacteria in straw mushroom at day 1. For day 2 onwards, a pronounced 
differences in L* value between control and the treated mushroom was observed. 
The control group had the lowest L* value compared with the treatment groups 
(p<0.05). It indicated that treated mushrooms were much whiter than the control 
ones. At day 2, although lOOppm streptomycin sulfate treatment group was 
whiter than the control, it gave a relatively lower L* value compared with the 
other treatment groups (p<0.05), except the lOOppm penicillin G treated group 
(p>0.05). In other words, lOOppm streptomycin sulfate and lOOppm penicillin G 
were not as powerful as the other treatments at day 2. At day 3, the effectiveness 
of antibiotics became clear. Different antibiotics in lOOOppm and also lOOppm 
of the combination of antibiotics gave the largest L* value (p<0.05), while 
lOOppm streptomycin sulfate and penicillin G showed a relatively lower L* 
value (p<0.05). It demonstrated that the former treatments had a higher ability 
to inhibit bacterial proliferation, but not in the later case. Moreover, mushroom 
treated with lOOOppm streptomycin sulfate, penicillin G and the mixture of the 2 
types of antibiotics and also, lOOppm antibiotics mixture all gave L* value > 70 
after 3 days of postharvest treatment. This meant that they remained white after 
3 days of postharvest storage. 
b) a* value 
The beneficial effects of antibiotics on mushroom quality were also shown 
in the a* value (Table 5.3). There was no significant difference observed in the 
first 2 days of storage (p>0.05). At day 2, control group and lOOppm of 
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antibiotic treatment group gave a relatively higher a* value (p<0.05) than their 
corresponding lOOOppm concentration treated mushroom. It seems that 
mushroom treated with antibiotics in lOOppm concentration resulted in deeper 
red color than at lOOOppm. At day 3, although all antibiotics treated mushroom 
showed lower a* value compared with the control (p<0.05), difference was 
observed between different antibiotics treatment groups. Mushroom treated with 
lOOppm and lOOOppm antibiotics mixtures, lOOOppm Streptomycin sulfate and 
Penicillin G gave a significantly lower a* value (p<0.05) compared with the 
other treatment groups. It showed that the less redness (darkness) of mushroom 
was resulted in these treatments. 
c) b* value 
In Tables.3, b* value of straw mushroom remained more or less the same 
throughout 3 days of postharvest storage at ambient temperature (20°C±2°C, 
61o/o±2o/o RH). It illustrated that the beneficial effect of antibiotics on the quality 
of straw mushroom did not affect b* value. 
From the above result, L* and a* values seemed to be involved in the 
assessment of straw mushroom quality when stored in ambient condition. This 
experiment was prepared to evaluate the involvement of bacteria in the postharvest 
deterioration of straw mushrooms. As both color parameters (L* and a* value) 
indicated that mushroom treated with all different antibiotics at both lOOppm and 
lOOOppm concentrations were whiter and less redness as compared with the control 
(p<0.05). The results demonstrated that bacteria would play a role in the postharvest 
deterioration of straw mushroom. 
On the other hand, antibiotics are known as the secondary metabolites produced 
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by different microorganisms and have a wide ability to kill or inhibit other 
microorganisms (Jay, 1992a). It is known that streptomycin sulfate is more effective 
against Gram-negative bacteria while Penicillin G is more effective against 
Gram-positive bacteria. Lorian (1996) summarized the minimum inhibitory 
concentration (MIC) of antibiotics towards different kind of bacteria. In general, the 
effective concentration of penicillin was <lppm to > 256ppm and most bacteria are 
inhibited at 128ppm and 256ppm. For streptomycin, the effective concentration was 
reported to fall between <lppm to > 1024ppm and bacteria was most frequently 
inhibited at 512ppm. Then, it could explain the result in the experiment, mushroom 
treated at higher concentration (lOOOppm) of antibiotics were significantly whiter 
than mushroom treated with lower concentration (lOOppm), since both antibiotics 
reported effectively to inhibit most bacterial growth at concentration >100ppm. In 
this experiment, streptomycin sulfate and penicillin G at lOOOppm concentration 
were effective in preservating the quality of straw mushroom. 
In summary, mushroom treated with antibiotics showed better quality (whiter). 
This implies that bacterial growth may be related to the deterioration of straw 
mushroom during postharvest storage. Since bacteria can release hydrolytic enzymes 
and cause the structural damage of food, therefore, it is suggested that the treatment 
of antibiotics in straw mushroom before the assay of hydrolytic enzymes is required 
in the further study. 
5.3.3 Identification of bacteria isolated from straw mushroom 
A total of fifteen morphologically distinct bacterial strains were isolated from 
the straw mushrooms. They are listed in Table 5.4. In general, almost all bacteria 
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found in this experiment are Gram-negative, except Corynehacterium aquaticum 
{Leifsonia aquatica) which is Gram-positive. Most of the isolated bacteria are motile 
rod shape, except Acinetohacter species, Chryseobacterhim indologenes, 
Corynehacterium aquaticum, Klebsiella pseudomonae and Sphingobacterium 
thalpophilum, which were reported as nonmotile rod shape bacteria. These bacteria 
are commonly found in the soil and water. Some of them are present in the clinical 
samples (Table 5.4). Most bacteria isolated from straw mushroom belong to the 
genus Pseudomonas. In other words, Pseudomonas species seems to be the dominant 
one among the microflora present in straw mushroom during postharvest storage in 
this experiment. 
Twelve out of fifteen types of morphologically distinct bacteria species were 
found at day 0 while only six species were found at day 3. There were three species 
common in both day 0 and day 3, they were Chryseohacterium indologenes, 
Pseudomonas mendocina and Pseudomonas putida-hiotype A. Three species were 
present at day 3 but absent at day 0, they included Pseudomonas aeruginosa, 
Pseudomonas pseudoalcaligenes and Serratia marcescens GC subgroup A. 
Bacteria isolated at day 3 represented the dominant species in straw mushroom 
during postharvest storage, since they were isolated from the lowest dilution. It was 
believed that more then six bacterial species dominated in straw mushroom during 
storage and some of the absentees were not picked for identification in this 
experiment. Moreover, there were three species found at day 3 but absent at day 0. 
Again, it may be due to the absentees were not isolated at day 0 or there were 
bacteria newly colonized in the straw mushroom from air during storage. Doores et 
al. (1987) suggested that a series of complex nutritional and metabolic interaction 
made the succession phenomenon resulted in which one bacterial type became 
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predominant and eventually lead to the exclusion of the other. 
The bacteria isolated at day 3 were reported to cause food spoilage and health 
problems. Hayes (1992) and Mountney and Gould (1992) mentioned that both 
Pseudomonas, Flavobacterium and Serratia species were important in food spoilage 
problems. All these bacteria were also isolated in this experiment at day 3 (Table 5.4). 
While in the case of Agaricus mushroom, it has been reported that the postharvest 
discoloration was caused by Pseudomonas species {Pseudomonas tolaasii, 
Pseudomonas 'reactians ‘ and Pseudomonas ‘gingeri,) (Wells et al., 1996). In the 
whole, it was believed that bacteria isolated from straw mushroom most likely 
exhibit the spoilage ability in mushroom during postharvest storage (Table 5.4). And 
some disease causing bacteria seemed to be present in straw mushroom after 3 days 
of postharvest storage. But there is no such problem if the straw mushroom cooked 
before consumption. 
In fact, mushroom is usually contaminated with microorganisms from their 
growth substrate. Moreover, since harvesting is usually done by hand, some human 
pathogens and spoilage bacteria may be transferred to the mushroom. Therefore, the 
reduction or prevention of bacterial proliferation in straw mushroom during 
postharvest storage becomes important. In order to avoid spoilage of straw 
mushroom, hygiene is the first step. It is desirable to use equipment that is as clean as 
possible and careful handling to minimize mechanical damage during preharvest and 
postharvest storage is also important. Moreover, the inhibition of microbial growth 
can be done by the elevation of CO2 in modified atmosphere storage with 
temperature control. It is because Gram negative bacteria are more sensitive than 
Gram positive bacteria in high CO2 level (Davies，1995, Drulhe-Aleman, 1996 and 
Blakistone, 1998). Also, food spoilage is usually a result of chemical reactions 
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mediated by microbial and endogenous enzymes, which are greatly affected by 
temperature. Thus, the storage life of many foods usually increased by storage at low 
temperature. Therefore, this method seems especially effective to control bacterial 
growth of straw mushroom during postharvest storage (detailed in Chapter 6). 
5.3.4 Relationship between moisture and bacterial population 
In the experiment, mushroom stored in the container without moisture absorber 
resulted in water vapor condensation at the inner wall but there was no water droplets 
observed in the presence of moisture absorber (data not showed). Figure 5.3 showed 
the appearance of straw mushroom after 1 day of storage. Actually, mushroom lysis 
at day 1 when stored in the absent of moisture absorber, but mushroom lysis started 
at day 2 when stored in the present of moisture absorber (by observation). For the 
total bacterial counts, continuous increase in microbial population in straw 
mushroom stored for 3 days under different moisture conditions were noted (Figure 
5.4). The total microbial counts were quite different in these two situations. The 
results clearly showed that the initial microbial counts began at about 90X10^ CFU/g, 
and then rose to about 60X10? CFU/g for mushroom stored in an airtight container 
with the presence of moisture absorber at 20°C for 3 days. For mushroom stored in 
the container without moisture absorber, the microbial population began at 
approximately 90X10^ CFU/g, and then rose to about 20X10^ CFU/g. Although, 
lysis resulted in both cases at the end of 3 days of storage, it occurred at different 
storage period. 
The result clearly indicated that there was a significantly higher microbial 
population in straw mushroom when stored at a relatively higher humidity condition 
(p<0.05); the increase was nearly 100 times. While for mushroom stored at a 
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relatively lower humidity condition, there was only less than 10 times increase in 
microbial population after 3 days of storage. In an airtight container, water vapor 
produced from straw mushroom during respiration cannot escape; it was then 
condensed in the inner wall of container and also on the surface of mushroom. In 
other words, the relative humidity in this storage environment might increase to a 
level which enhanced microbial growth and eventually led to the rapid mushroom 
deterioration. Some authors had reported on the association between mushroom 
decay with the condensation of water vapor in the storage environment. (Doores et 
al., 1987，Zagory and Kader, 1988 and Beelman et al.，1989). Therefore, it can 
explain the phenomenon that mushrooms stored in the environment without moisture 
absorber lysis faster than mushroom stored in the presence of moisture absorber in 
the airtight condition. 
The increase in microbial population in high humidity condition during storage 
is common in fresh produce (Phillips, 1996, Paine and Paine, 1983, Lopez-Briones et 
al., 1993, Cho et aL, 1982). As mentioned before, maintenance of freshness in fruits 
and vegetables depends very much on preserving the original high water content. 
However, humidity in the storage environment may increase to levels that may 
encourage the growth of bacteria. It is advisable to keep the storage condition with 
humidity high enough to keep shrinkage to a minimum but not so high to encourage 
the growth of microorganisms. This practice is still a challenge to the food scientists. 
The use of moisture absorber in controlled atmosphere experiment seems a solution 
to remove excess moisture in the storage environment to prevent the condensation of 
water droplets during storage, (details in chapter 6). 
9 6 
Table 5.1. Relative importance of eight sources of bacteria and protozoa to foods. 
(Jay，1992a) 
, 忍 ^ on xn 
芝 二 於 • 二 的 以 “ ® 22 
I 1 ^ I fe K Q 
h g •目 c 2 5 劣 
_ 3 S 2 ^ £ S 二 
芸 口 二 ffi . 二 . 二 . 二 O 5 ^ G p 
Bacteria ^ 1 ^ < 
Ph O 
Acinetobacter XX X X X X 
Aeromonas X X X X 
Alcaligenes X X X X X 
Alteromonas X X 
Bacillus X X X X X X X X 
Brochothrix X X X 
Campylobacter X X X 
Camo bacterium X X X 
Citrobacter X X X X X X 
Clostridium X X X X X X X X X X 
Corynebacterium X X X X X X X 
Enterobacter X X X X X X 
Enterococcus X X X X X X X X X 
Erwinia X X X X 
Escherichia X X X X X 
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Table 5.1 (continued). Relative importance of eight sources of bacteria and protozoa 
to foods. (Jay, 1992a) 
, ， 2 ！Z! 
k Si S5 ^ ^ 
^ 2 ^ fe K Q 
^ S .S fl 2 2 劣 
2 ^ 3 2 « S S ^ 
m r C < 
PH O 
Flavobacterium X X X X 
Hafnia X X X X 
Lactococcus X X X X X 
Lactobacillus X X X X X 
Leuconostoc X X X X X 
Listeria X X X X X X X 
Micrococcus X X X X X X X X 
Moraxella X X X 
Pantoea X X X 
Pediococcus X X X X X 
Proteus X X X X X X 
Pseudomonas X X X X X X 
Psychrobacter X X X X X 
Salmonella X X X X 
Serraia X X X X X X 
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Table 5.1 (continued). Relative importance of eight sources of bacteria and protozoa 
to foods. (Jay, 1992a) 
二 老 I ^ S ^ 
二 fl ^^  念 ffi "s -J：： 
PH O 
Shewanella X X 
Shigella X X 
Staphylococcus X X X X 
Vago coccus X X X X 
Vibrio X X X 
Yersinia X X X 
Protozoa 
C. pavum X X X 
E. histolytica X X X X 
G. lamblia X X X X 
T. gondii X X X  
X X indicates important source 
X indicates less important source 
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Table 5.2. Principle bacterial diseases of commercially grown edible fungi.(Fermor, 
1987) 
Host Pathogen Symptom Country 




Agaricus bitorqiiis unidentified Bacterial soft-rot U K 
Pleurotus spp. P. tolaasii Yellow blotch Worldwide 
P. agarici 
Pseudomonas spp. 
Lentinus edodes Pseudomonas Immature browned Japan 
fliiorescens fruitbodies 
(intracellular) 
Rickettsia-like Malformed Japan 
organism fruitbodies 
Flammulina Erwinia spp. Brown soft-rot Japan 
velutipes 
Volvariella spp, unidentified Bacterial rot Indonesia 
Auricularia spp. unidentified Bacterial rot China 
































































































































































































































































































































































































































































































































Table 5.4. Bacteria isolated from straw mushroom stored for 3 days at ambient 
temperature (20°C±2°C, 61%±2% RH). (Buchanan and Gibbons, 1974, Frederiksen 
and Sogaard, 1992, Holmes, 1992, Orskov, 1992, Palleroni, 1992, Takeuchi and 
Yokota, 1992, Towner, 1992, Wen et aL, 1999 and Evtushenko et al., 2000) 
Day of isolation 
Bacteria Gram shape Source  
s t a i n Day 0 Day 3 
Acinetohacter Negative Rod, ^qiI and water * 
^enospecies 10 non-motile  
Agrobacterium N a t . Roots and * 
radiobacter ^^^ ^^^ motile underground stem  
Chryseobacterium Rod, Soil, water and * * 
indologenes Negative non-motile clinical source 
(Flavobacterium)  
Citrobacter7777^ Rod， Water, food, * 
freundii ega i motile faeces and urine  
Corynehacterium 
aquaticum p Rod, Wildly distributed * 
(Leifsonia iv non-motile in nature 
aquatica)  
Delftia : ^ R o d , Soil, water and * 
J Negative r . i i acidovorans ^ motile clinical samples  
Klebsiella Rod A^ r，soil, water 
pneumoniae Negative non-mo'tile and cause clinical * 
pneumoniae infection  
Pseudomonas Negative Soil and water * 
aeruginosa motile  
Pseudomonas Negative Soil and water * 
alcaligenes motile  
Pseudomonas Negative Soil and water * * 
mendocina motile  
Pseudomonas Negative Soil and water * 
pseudoalcaligenes motile  
Pseudomonas Negative Soil and water * * 
putida-biotype A ^ motile  
Sphingobacterium ^ Rod, Soil, water and * 
thalpophilum ega ive ^on-motile food  
Serratia Rod, Soil, water and * 
marcescens GC Negative ^tile food 
subgroup A  
" D A Human infection 
Stenotrophomonas ^ �ive ^^^； and clinical * 
maltophilia motile materid 
1 0 2 
a. 
3.1 
2-9 ： ^ ^ 
一 2.7 ： 
：艮 2.5- / 
bJQ / 
3 2.3 / 
y / 
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Figure 5.1. Total bacterial counts on unpacked straw mushroom stored for 3 days at 
ambient temperature (20OC士2。C, 61%±2o/o RH). Each point represents the mean of 
three replicates. 
1 0 3 
Control lOOppm P -,.. 
A 
多 l。rpms 
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^ ^ • 感 s+P 
c 
P= penicillin G，S= streptomycin sulfate, S+P= streptomycin sulfate + penicillin G 
Figure 5.2. Effects of different antibiotics on the quality of straw mushroom at the 
postharvest storage for 3 days at ambient temperature (20°C±2°C, 61%±2% RH). 
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Figure 5.3. The appearance of straw mushroom stored for 1 day at 20。C in different 
conditions. (A) Straw mushroom stored in the container without moisture absorber. 
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Figure 5.4. Effect of moisture on the total bacterial counts on straw mushroom 
stored in an airtight container for 3 days at 20°C. Each point represents the mean of 
three replicates. 
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Chapter 6 
Preservative studies of straw mushroom 
6.1 Introduction 
For the fresh produce to reach the shops in optimum condition it should be 
harvested at the correct moment and kept in such a way that its senescing process is 
slowed down. Exposure to low temperature immediately after harvest is useful but 
not sufficient for maintaining quality throughout the steps from farm to shop. For this 
reason, other techniques associated with cold storage have been developed. 
Consumers increasingly demand food of high quality and also the retailers are eager 
to seek ways to maintain the high level of quality of food during the period between 
purchase and consumption. Therefore, the increase of storage life and maintainance 
of food quality by means of preservation become more and more important. Food 
preservation can be defined as any method of treating food that prolongs the length 
of time for which the acceptable attribute of quality, including color, texture and 
flavor can be maintained (Holdsworth, 1983). 
In general, there are four main processes of food deterioration associated with 
postharvest storage. They are microbiological, chemical, physical and temperature 
related deteriorative changes (Shafiur Rahman 1999; Kilcast and Subramaniam, 
2000)。 
Microbiological effect 
Growth of microorganism during storage usually depends on many factors such 
as the initial microbial loading at the start of storage; the moisture content，pH 
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temperature and presence of preservatives in the food. Microbial growth in food 
leads to food spoilage with the development of undesirable characteristics (e.g. 
undesirable appearance and flavor) which eventually causes the food to become 
unsafe for consumption. 
Chemical effect 
Many important deterioration changes occur within the food. This changes may 
cause food to deteriorate by reducing its nutritional quality and acceptance by 
consumers. For example, browning of fruits at room temperature in the presence of 
oxygen; lipolytic and hydrolytic reactions reduce quality and nutrition of food, and 
also, temperature, relative humidity and pH may induce deleterious changes in foods. 
Physical damage 
Physical injury can arise at any stage during the life of crop. It is usually caused 
by the mishandling of foods during harvesting, processing, and distribution as well as 
by insect and customers. Damages such as bruises and wounds in food may 
frequently cause further deterioration by microorganisms. On the other hand, 
shriveling which occurs due to the loss of water in produce is also a major cause of 
deteriorative physical changes in food. 
Temperature effect 
Deterioration can occur at both elevated and low temperature. Increase the 
temperature generally increases the rate of chemical reactions that may result in 
deterioration. Also, fluctuating temperatures can cause ice crystal formation in frozen 
foods by thawing or refreeezing. Phase changes involving melting and solidifying of 
fats is also detrimental to the quality of lipid-containing confectionery items. 
1 0 8 
••k 
Based on the mode of deterioration, Khurdiya (1995) has summarized some 
important food-preservation techniques that have been developed in food industry 
(Table 6.1). The preservation methods usually involve the slowing down or inhibiting 
chemical deterioration and the direct inactivation of microbial growth in food. These 
involve lowering the temperature to slow down the chemical reaction and growth 
processes of microbes; removing water to inhibit microbes proliferation; controlling 
the environmental gases to reduce or inhibit microbial growth and the addition of 
chemical to eliminate browning problems associated with produce. Combination of 
preservation techniques (modified atmosphere/ adding preservatives/ temperature 
controlled/ packaging) can give promising preservation power (Holdsworth, 1983). 
However, it should keep the cost as low as possible in order to make this practice 
more economically valuable. 
In this research, the preservation of straw mushroom was focused on the 
inhibition of microbial growth, respiration and enzymatic activities during 
postharvest storage. Therefore, direct application of browning inhibitors; irrigation of 
CaCli solution during cultivation and modified atmosphere under different storage 
temperature were conducted in order to maintain the quality and prolong the shelf 
life of straw mushroom. 
6.1.1 Chemicals treatment in produce 
In recent years, the trend in food preservation has been to reduce the use of 
chemical preservatives in food products, principally in response to consumer 
pressure for more "additive free" foods. However, Farber and Dodds (1995) 
mentioned that consumers failed to realize the fact that the removed of all chemical 
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preservatives from food would prove detrimental to the food supply, rather than 
benefit. In order to maintain the range, quality, safety and conveniences of the food 
supply, chemical preservation still plays a vital role in food industry. 
6.1.1.1 Application of browning inhibitors 
The shelf life of most fruits and vegetables are limited by enzymatic browning 
during storage (Sapers and Hicks, 1989, Sapers et a l , 1995a,b and Vamos-Vigyazo, 
1995). The development of brown, gray, black, purple, and yellow discoloration on 
the external and cut surfaces usually occurs. Such changes are often associated with 
injury and abrasions from improper handling. It may also be related to senescence 
process or growth of the spoilage bacteria during storage (Sapers et al., 1995a,b). 
Polyphenol oxidase is the main enzyme involved in the enzymatic browning of fruits 
and vegetables (detail in Chapter 3). The darkening of food products are undesirable 
and usually resulted in a decrease in nutritional quality, market value and consumer 
acceptance. The prevention of enzymatic browning in produce seems very important. 
Probably the most common method of controlling enzymatic browning is by the 
addition of browning inhibitors. Washing whole or sliced fresh fruits or vegetables 
for the retail market is common. The use of chemical washing can improve the 
appearance by removing casing residues and has to some extent in controlling 
bacterial deterioration and senescence (Wong and Preece, 1985 and Harden et al., 
1990). 
Fresh mushrooms are especially subject to browning and several studies have 
been conducted on the inhibition of the browning problem during storage. There are 
several reports on the direct application of browning inhibitors to reduce or prevent 
discoloration in Agaricus mushroom (Dawley and Flurkey, 1993 and Sapers et al., 
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1995b). They included ascorbic acid, citric acid, ethylenediaminetetraacetic acid 
(EDTA) and calcium salt (Sapers et al., 1995b). However, some researchers reported 
that the washed mushrooms deteriorated more rapidly than unwashed mushrooms 
(Beelman et a l , 1989 and Sapers et a l , 1995a,b). In other words, the direct 
application of browning inhibitors, which common in fruits and vegetables, seems 
ineffective in Agaricus mushroom. 
6.1.1.2 Role of calcium in preservation 
Calcium has received much attention in recent years because of its desirable 
effects in delaying senescence and controlling physiological disorders in fruits and 
vegetables. Calcium is essential for the structure and function of cell walls as well as 
cell membranes (Demarty et al” 1984, Ferguson, 1984 and Poovaiah, 1986). It has 
also been reported to be involved in many physiological processes in plants, such as, 
cell elongation, cell division and enzyme secretion (Marme, 1988). 
Cell wall 
For many years, Ca^^ ion-related disorders in plant has been widely studied. The 
interaction of calcium with the cell wall is quite complex. The cell wall structure 
composed of a rigid skeleton of cellulose microfibrils embedded in a gel-like matrix 
composed of several polysaccharides and glycoproteins (Fry, 1986). Pectic 
polysaccharides make up roughly 35% of the primary wall in higher plant and also, 
at least 60% of the total calcium in plant is associated with the cell walls fraction. 
Moreover，the pectic polymers are capable to form gel in the present of calcium. 
Thereby, calcium is more likely to have the ability in the cell to cell adhesion and 
1 1 1 
tissue coherence properties in plants (Demarty et al., 1984). 
Ferguson (1984) has described some evidence of decreasing Ca�— concentrations 
in the fruit that resulted of bitter pit, internal breakdown in apples, brownheart in 
brassicas and tipburn in lettuce. Studies has also been conducted on the effect of the 
direct addition of calcium to produce. Results have shown that there are markedly 
increase in calcium content in the flesh of fruits that can reduce the severity of 
physiological disorders and alter intracellular and extracellular processes which are 
intimately associated with senescence and fruit quality. Calcium has long been 
known to confer rigidity to cell wall. There are at least 60% of the total calcium in 
plants is associated with the cell wall fraction (Demarty et al., 1984). It appears to 
serve as an intermolecular binding agent that stabilizes pectin-protein complexes of 
the middle lamella by interacting with the pectic acid in the cell walls to form 
calcium pectate (Poovaiah, 1986). Therefore, fruits that were treated with calcium 
and stored for several months retained their firmness and cell to cell contact. The fact 
that the middle lamella appeared to undergoes very little degradation supports the 
claims that calcium plays a role in maintaining the cell wall structure. 
Cell membrane 
The most obvious indication of senescence in fruits, flowers and petals is an 
increase in solute leakage, which is considered as the physical changes to membranes 
associated with senescence. Cell membrane fluidity is essential for life process. 
During senescence in plant tissue, there is an increase in microviscosity or decrease 
in membrane fluidity associated with an increase in the proportion of gel phase lipid 
and a decline in liquid lipid in the plasma membrane. Such changes are also a 
widespread syndrome of senescing tissue in senescence Neurospora and even in 
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aging mammalian cells (Ferguson, et al., 1984). Jones and Lunt (1967) have 
observed extensive disintegration of mitochondria, ER and cytoplasmic membrane in 
various calcium deficient plants, suggesting the role of calcium in maintaining 
membrane integrity. In other words, calcium allows delaying senescence of plant 
tissue. There are evidence showing that an increase in membrane leakage occurred 
during com leaf senescence and this increase was moderated by calcium treatment 
(Pooaviah and Leopold, 1973). Also, the inhibition of senescence by Ca^^ may 
involve some protection of membranes from free radical or peroxidative attack when 
• the membrane has a large amount of Ca^"" binding (Ferguson, et al., 1984). Moreover, 
the formation of rigid clusters of negatively charged phospholipids resulted with the 
present of calcium cross-linking in plasma membrane (Lee, 1983). Actually, the 
precise nature of the interaction between calcium and phospholids is not well defined. 
Some general points can be made. Plasma membrane probably exhibits a chemical 
asymmetry, the unequal distribution of lipid species in the lipid bilayer allows 
calcium cross-linking of negatively charged phospholipid and eventually brings 
about the aggregation that leads to patchy rigidification (Grant, 1983). 
In the whole, the importance of calcium as a macronutrient in plant growth and 
development has been known for decades. It is evident from many literatures that 
calcium plays a significant role in the effect of cell wall structure and cell membrane 
integrity. Therefore, some possible postharvest technology is able to be developed to 
improve the shelf life of produce. There are several investigations conducted on the 
application of CaCh solution either preharvestly or postharvestly to maintain the 
quality of produce (Del Valle et al., 1998, Picchioni et a l , 1998, and Dong et al, 
2000). Moreover, a successful increase in the shelf life of Agaricus mushroom is 
found by the addition of calcium chloride to irrigation water (Miklus and Beelman, 
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1996 and Kukura et al., 1998). Since, calcium chloride is a food grade chemical 
commonly used to improve the quality of fruits and vegetables, it appears that this 
technique has great potential to improve quality of fresh produce without additional 
regulatory approval. 
6.1.2 Modified atmosphere technology 
The shelf life of perishable fruits and vegetables is usually limited in the 
presence of normal atmospheric oxygen and spoilage microorganisms. Thus, the 
food packaging technologies that rely on an introduction of special gaseous mixture 
to maintain food quality have been developed. The technology is generally safe, 
common, cheap, readily available and not considered as chemical additives. In 
current commercial practice, nitrogen, oxygen and carbon dioxide in various 
combinations are the gases widely used for the preservation of foods. Although, 
other gases have also been investigated such as carbon monoxide, sulfur dioxide, 
nitrous oxide, ozone and chlorine, they are of limited use due to the safety concerns, 
legislation and cost. 
Modification of atmosphere in the storage environment by reducing oxygen 
content, increasing the levels of carbon dioxide and /or nitrogen has been shown to 
significantly extend the shelf life of perishable food. It seems to be able to effectively 
control the chemical enzymatic and microbial growth with the aim of reducing or 
eliminating the deterioration during storage. Moreover, moisture which is an integral 
part of the freshness, texture, flavor and quality of food, is the major component in 
foods especially straw mushroom (about 90% of fresh weight). To lose moisture 
means to lose value. Therefore, the reduction of moisture loss is quite important in 
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such produce preservation and modified atmospheric storage can meet this purpose. 
Davies (1995) summarized the potential advantages and disadvantage of this 
technique (Table 6.2). According to Davies (1995), the modified storage atmosphere 
can effectively increase the shelf life of produce by reducing respiration, slowing 
down ripening process and maintaining color in order to allow distribution over long 
distances. Moreover, the possible effect of different preservations and additives on 
human health for long term use through different foods has been questioned. Many 
health conscious consumers are interested in foods that do not contain any 
preservatives, so the use of modified atmosphere for preservation becoming more 
acceptable to customers. However, different produce has different tolerance of O2 or 
CO2 levels in the preservation system. The unsuitable gaseous environment may 
initiate anaerobic respiration with the production of undesirable odors and flavors, as 
well as other physiological disorders in produce. Also, the increase in cost such as 
maintaining temperature, introduction of special gases and equipment, should be 
noted in modified atmosphere storage. 
Gorris and Peppelenbos (1999) have described several techniques by which the 
atmosphere surrounding a product can be modified. 
Modified-atmosphere packaging (MAP) 
It is a technique in which the storage environment contains the gas composition 
with the replacement of the air environment by other gaseous mixture, where the 
concentration of each component is fixed when introduced and no further control is 
exercised during storage. 
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Controlled-atmosphere packaging (CAP) 
It is a form of bulk storage where the concentration of gas initially introduced to 
modifying the atmosphere is maintained throughout the period of storage with 
constant monitoring and regulation. . 
Vacuum Packaging (VP) 
Produce usually stored under atmospheric pressure in a range of 1-lOkPa at 
refrigerated temperature. Although this technique is quite effective, the technically 
complex procedures make this practice not as widely used as CAP or MAP storage. 
With the concerns in both freshness and freed from chemicals impacting the 
produce market, the further use of MAP becomes important. There are many 
advantages related to the use of MAP such as to extend the shelf life and freshness of 
produce, the extensive growth of microorganisms related is of concern today. Firstly, 
high population of bacteria may result if stable storage temperature fails to be 
maintaind and then unacceptable deterioration of quality occurs during storage. Also, 
the prolonging of shelf life of produce in MAP may provide sufficient time for 
human pathogens to reproduce in short time period (Zagony, 1995). To minimize the 
problems of pathogen and spoilage microorganisms inside MAP food, the food 
should be kept in the highest microbiological quality at the time of packaging. Also, 
the temperature should be rigidly maintained at a stable optimum temperature to 
prevent any physiological, biochemical changes in produce as well as the growth of 
microorganisms. If these requirements can be met in any way there is not doubt that, 
m a p will become a popular and widespread preservation method in the future. 
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6.2 Material and methods 
6.2.1 Dipping experiment with browning inhibitors 
Mushrooms showing no external defects were selected for treatment. They were 
dipped into aqueous solutions of various browning inhibitors, which exhibited potent 
inhibition on PPO activities as described in section 3.3.6. Browning inhibitors such 
as ascorbic acid, sodium metabisulphite, tropolone, diethyldithiocarbamic acid and 
kojic acid in lOOOppm were prepared with sterile mini-Q water in the experiment 
(McConnell and Beelman, 1994). Mushroom was submerged into treatment solutions 
or mini-Q water (control) for 2min. Immediate after treatment, mushrooms were 
blot-dried with paper towel to prevent adsorption of additional treatment solution. 
They were stored at ambient temperature (20°C±2�C, 62%±2% RH) for 3 days. 
Quality changed of both the treated and untreated mushrooms (control) were 
evaluated by surface color analysis using the L*a*b* values (detail in section 2.2.1) 
during the course of the experiment. 
6.2.2 Application CaCh in straw mushroom cultivation 
The pure culture Volvariella volvacea V I 4 was obtained from the Department of 
Biology Collection at the Chinese University of Hong Kong. It was subcultured on 
Potato Dextrose Agar (PDA) (Difco) slants with periodic transfer as stock. Cotton 
waste was used as substrate in the cultivation. Cotton waste (160g) was evenly 
soaked with 240ml tap water in plastic bags and autoclaved for 3h. After inoculation, 
it took about 1 week for the fungal mycelium to fully colonize the substrate which 
was kept at 32°C as pure culture spawn. Spawning was carried out in plastic trays 
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(4.5" X 10" X 13.5"), each contained 1200g cotton waste and 1800ml of water. The 
mycelia colonized the whole tray in about 2 weeks when incubated at 32°C. The first 
flush could be collected one to two weeks afterwards. CaCli was applied in two ways. 
In the first experiment, CaCh (0.15% and 0.3%) was added to the irrigation water. In 
the second experiment, one treatment was added 0.3% CaCli in the compost at the 
beginning of cultivation and then irrigated with tap water; the second treatment was 
just irrigating 0.3% CaCh solution during cultivation without applying in the casing 
layer. Tap water was used as control in these two experiments. There were 4 trays per 
watering treatment making a total of 12 trays in each experiment. Straw mushroom 
was harvested at the button stage. The postharvest quality of straw mushroom was 
evaluated by surface color analysis. 
6.2.3 Postharvest storage of straw mushroom under modified 
atmosphere 
Straw mushroom (lOOg) was placed in an airtight container of about 4000ml 
volume in the presence of moisture absorber to remove excess moisture. Gases of 
different composition were introduced into the container. These included pure N2, 
pure CO2, 5 % CO2 in air and air. The setups were allowed to store under different 
temperatures ( 4 � C , 10�C, 15�C, 2 0 � C and 2 5 � C ) for 3 days. The quality of the straw 
mushroom was evaluated by surface color analysis using the L*a*b* values (detail in 
section 2.2.1). 
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6.2.4 Statistical analysis 
Data on color changes in straw mushroom were subjected to analysis of 
variance (ANOVA). A 95% significant difference (p<0.05) was used to test the 
equality of means between treatments. . 
6.3 Results and discussion 
6.3.1 Effect of browning inhibitors on mushroom quality 
In this experiment, five browning inhibitors that showed potent inhibition on 
PPO activities were used to investigate their potential application in straw mushroom 
preservation. Figure 6.1 shows the appearance of mushrooms treated with various 
browning inhibitors at day 3. Their quality appeared more or less the same as the 
control, except mushrooms treated with Na-metabisulphite which seemed whiter than 
the control at the end of experiment (Figure 6. IE). 
Color of mushroom was quantified into L*a*b* values and shown in Table 6.3. 
There were no significant differences (p>0.05) found among treatment groups at day 
0 and day 1. It means that there was no color difference between the control and the 
treatment groups. But at day 2 and day 3-, L* value of mushroom treated with 
Na-metabisulphite was higher than that of the others (p<0.05) while there was no 
significant difference between the other treatment groups and the control ( p � 0 . 0 5 ) . 
The higher the L* value, the whiter the mushroom (Lopez Briones，et al., 1992). 
Therefore, mushroom treated with Na-metabisulphite appeared whiter than the 
control or mushroom treated with other inhibitors. 
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For a* value, it remained more less the same among treatment groups and the 
control (p>0.05) at the first 3 days of storage. But, at day 3, a smaller a* value 
resulted in Na-metabisulphite treatments (p<0.05). It means that mushrooms treated 
with ascorbic acid, diethyldithiocarbamic acid, kojic acid, tropolone and control 
showed deeper color (increase in redness) than mushrooms treated with 
Na-metabisulphite. Moreover, for b* value, there was no significant difference 
between treatment groups and the control in the first 2 days of storage (p>0.05). 
Na-metabisuophite showed a lower value at day 2 (p<0.05), but there was no 
significant difference at day 3 (p>0.05). 
There are many reports describing the application of some effective browning 
inhibitors in fruits, vegetables and Agaricus mushroom (Cho et al., 1982, Sapers and 
Hicks, 1989, McConnell and Beelman, 1994 and Vamos-Vigyazo, 1995), which 
included the five potent inhibitors used in this experiment. In the case of straw 
mushroom, only Na-metabisulphite showed some inhibitory effect on browning. It 
probably inhibits PPO enzyme by binding with quinones or reduces quinones back to 
phenols, thereby preventing pigment formation (Sapers and Hicks, 1989 and 
Vamos-Vigyazo，1995). Unfortunately, owing to its harmful effect on health, the 
development of other sulfite alternatives has been suggested. Ascorbic acid, kojic 
acid, tropolone, diethyldithiocarbamic acid and cinnamic acid seemed to be 
ineffective in controling browning in this research. Sapers and Hicks (1989) have 
mentioned that these browning inhibitors might not be able to penetrate so well into 
the cellular matrix and also, ascorbic acid is quite easily oxidized by the endogenous 
enzymes or by autoxidation that make it ineffective in browning inhibition. 
Straw mushrooms treated w i th Na-metabisulphite seemed to be whiter than 
control during storage. However , their color was much worse than unwashed 
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mushroom during postharvest storage (see in Chapter 2). The deterioration of straw 
mushroom may be promoted by mechanical damage during dipping. Although, 
washing can remove the dirt and damaged hypha on the surface of mushroom, it 
easily causes further damage by handling and allowed PPO substrate which 
« 
originally separated from enzyme, to mix together causing browning to occur. The 
relatively dark color and lesions resulted in washed mushrooms has also been 
reported in Agaricus mushroom. Beelman (1987) and Sapers et al. (1995a,b) found 
that large populations of bacteria in washed mushroom were observed under surface 
electron microscopy. They suggested that the growth rate of bacteria was much 
greater in washed mushrooms, apparently due the uptake of water during dipping. 
Such large bacterial population may cause a rapid deterioration of mushroom by their 
spoilage action. Apart from the large bacterial population resulted in washed 
mushroom, the inefficient penetration of browning inhibitions to the site of PPO 
might be a reason for the failure of browning inhibition in straw mushroom. All in all, 
prolonging the shelf life of straw mushroom by the direct application of browning 
inhibitors in this research seems inefficient, as a dark color and lesion resulted in 
washed mushrooms. Therefore, seeking another way to preserve straw mushroom is 
required. 
6.3.2 Effect of calcium chloride on mushroom quality 
The influence of watering treatments of 0.15% and 0.3% CaCb solution during 
mushroom cultivation was shown in Figure 6.2. Mushroom treated with 0.3% CaCl2 
solution appeared whiter than control after 3 days of postharvest storage, while 
mushroom treated with 0.15% CaCb gained no benefit when compared with control. 
1 2 1 
Moreover, CaCh treated mushrooms with similar size but fewer in number compared 
with control (data not showed). In other words, the production yield of straw 
mushroom at both treated groups was obviously lower than the control. Since 0.15% 
CaCb gained no benefit on the quality of straw mushroom, another experiment was 
performed by applying 0.3% CaCb solution in different practices. One treatment was 
added CaCli in the compost at the beginning of cultivation and then irrigated with 
tap water; the second treatment was just irrigating CaCli solution during cultivation 
without applying in the casing layer. The results showed that mushrooms had similar 
quality in all treatments at day 0 (Figure 6.3). Browning observed in the following 
days (Figure 6.4 and 6.5) and a marked difference in quality was observed at day 3 
(Figure 6.6). In general, the postharvest quality was similar between the two treated 
groups, but lysis and discoloration was clearly observed in control group at the end 
of the experiment (Figure 6.6). 
The application of 0.3% CaCl] seemed to be effective in improving quality and 
shelf life of straw mushroom. Actually, there are extensive researches conducted on 
the addition of calcium chloride to irrigation water. It appears to reduce bacterial 
population, which improves initial quality and postharvest shelf life of Agaricus 
mushroom (Beelman, 1987; Barber and Summerfield, 1990; Barden et al., 1990; 
Solomon et a l , 1991; Beelman et al., 1993; Milklus and Beelman, 1996; Simons and 
Beelman, 1996 and Kukura et a l , 1998). Calcium chloride may improve the quality 
of fresh mushrooms in several ways. Barber and Summerfield (1990) suggested that 
mushroom watered with calcium chloride may result in drier cap surface by 
crystallization which would reflect more light and cause a white appearance. Barden 
et al. (1990) and Solomon et al. (1991) demonstrated that calcium chloride treated 
mushroom had lower bacterial populations at postharvest storage. It may due to the 
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reduction of water activity at the surface of mushroom, creating a less hospitable 
environment for bacterial growth. Miklus and Beelman (1996) suggested that CaCb 
might possibly stabilize calcium on membrane by slowing down the senescence and 
maintaining the selective permeability of membranes (Ferguson, 1984). Moreover, 
the browning enzyme, which catalyzes the reaction, might be separated from the 
substrate in the hyphal cell by membrane bound vacuoles (Burton, 1987). The ability 
of calcium to maintain membrane integrity has a regulatory role in mushroom 
tyrosinase function and reduce browning phenomenon in produce (Kukura et al., 
1998). 
In the experiment, the results showed that application of CaCb in the irrigation 
water during cultivation seemed to improve the shelf life and posthavest quality of 
straw mushroom, which might be due to the function of Ca ion on plasma membrane 
by maintaining its integrity. Lower production yield was noticed when CaCl! was 
applied which was consistent with other studies that reported yield reduction in 
Agaricus mushroom caused by the addition of CaCb in the irrigation water in 
Agaricus mushroom. Barden et al. (1990) reported that about 16.4% decrease in yield 
when 0.5% of calcium chloride was added to irrigation water. Beelman et al. (1987) 
also demonstrated that the addition of increasing concentrations of CaCli had a 
tendency to decrease yield of mushroom. The yield difference between control and 
both treatment groups (0.15% and 0.3% CaCb) in this experiment was obvious as the 
number of mushrooms obtained was greatly reduced (data not shown). The size of 
the fruit body was similar in both the control and the treatment groups. For the yield 
problem, Soloman et al. (1991) had conducted an experiment by irrigation Agaricus 
mushroom with the combination of SOppm stabilized calcium dioxide (Oxine) and 
0.25% calcium chloride. A significant improvement of Agaricus mushroom 
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postharvest quality and the reduction of initial bacterial population without 
significant decrease in production yield were demonstrated. Oxine is an antimicrobial 
agent that can inhibit the growth of bacteria. Unfortunately, Food and Drug 
Administration (FDA) does not currently approve oxine to be used in mushroom 
irrigation water (Beelman, 1987). 
In this experiment, the low production yield of CaCh treated mushroom makes 
further study of biochemical, physiological and preservation becomes difficult. On 
the other hand, as there were several reports on the low production yield of CaCh 
treated Agaricus mushroom, new studies are needed on the improvement of quality 
and shelf life without adversely affecting yield of mushroom. CaCli is an 
inexpensive, food grade chemical commonly used to improve quality of fruits and 
vegetables, and this technique should have considerable potential to improve 
mushroom quality during postharvest storage. Therefore, emphasis can put on 
determining the optimum concentration of calcium chloride used in irrigation water 
during mushroom cultivation in the future. 
6.3.3 Effect of modified atmosphere on mushroom quality 
In these experiments, moisture absorber was placed in the airtight container to 
remove excessive moisture. The relative humidity was maintained at about 98% in 
all treatments (data not showed). 
A) Temperature effect 
Effects of different temperatures on the quality of straw mushroom stored in pure 
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Ni , pure CO2, 5 % CO2 mixed with air and normal air were studied, 
a) Pure N2 and pure CO2 
In Figures 6.7A and B show the appearance of mushroom stored in pure N2 
and pure C O 2 conditions under different temperatures. They lysed and liquefied 
at 4 � C , 1 5 � C and 2 5 � C with different color changes. At 4 � C , mushrooms turned 
dark brown in color but they became yellowish at 15°C and 25°C at the end of 3 
days of storage. 
Color changes were quantified by L*a*b* values. Figure 6.8A and 6.9A 
showed their L* value changes among different temperatures. Mushroom stored 
at 4°C had significantly lower L* value than mushroom stored at 15°C and 25°C 
in both cases (p<0.05). In other words, mushrooms were darker when stored at 
4 � C in pure N2 and pure C O 2 a t m o s p h e r e � T h e result account for the 
phenomenon shown in Figures 6.7A and 6.7B. In Figures 6.8B and 6.9B, a* 
value at 4°C was significantly larger than at 1 5 � C and 2 5 � C (p<0.05). There was 
no significant difference observed between mushrooms stored at 15°C and 25°C 
( p � 0 . 0 5 ) . It indicated that mushroom stored at 4 � C had deeper red color than 
mushroom stored at 1 5 � C and 2 5 � C in both cases. For b* value (Figures 6.8C 
and 6.9C), mushroom stored at 25°C had significantly higher b* value than 
mushroom stored either at 4°C or 15°C (p<0.05). It meant that yellowing of 
mushroom resulted when stored at 25°C in both atmospheres. 
L* value at 15°C and 25°C were significantly higher than L* value at 4 � C in 
both storage atmosphere, but they were quite low，usually less than 50. Also, 
lysis and liquefication of mushroom resulted at the end of experiment. It 
represented the failure of preservation of straw mushroom under 4°C，15°C and 
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25°C in both pure N2 and pure CO2 atmosphere, 
b) 5% CO2 and air 
There were observable changes in the appearance of straw mushroom stored 
in 5% CO2 and air condition under different temperatures (Figures 6.7 C and 
6.7D). Mushrooms stored at 15°C in both atmospheres showed no lysis and 
seemed to maintain their original quality at 3 days of storage. Serious 
liquefaction was again observed in mushroom stored at 4°C and 25°C, with 
color dark brown and yellow color, respectively. 
For detailed color changes among treatments, the maintenance of mushroom 
quality at 1 5 � C in 5% CO2 and air conditions were clearly shown by the L* 
value (Figures 6.1 OA and 6.11A). L* value was significantly higher at 15°C (L* 
value was about 76 in both cases) than at 4 � C and 2 5 � C (p<0.05). It represented 
that significantly whiter mushroom resulted when stored at 15°C. For a* value 
(Figures 6.1 OB and 6.1 IB), it was significant higher at 4°C than 15°C and 25°C 
(p<0.05). In other words, mushrooms became deeper in red color when stored at 
4°C in 5% CO2 and normal air atmosphere. Moreover, the highest b* value 
resulted when mushroom stored at 25°C in both storage conditions. It meant that 
mushroom became yellow when stored at 25°C. 
From the result, mushroom stored at 15°C appeared whiter than mushroom 
stored at 4°C or 25°C in both 5% CO2 and normal air atmosphere. It meant that 
straw mushroom can maintain its quality for 3 days when stored at 5% CO2 and 
air conditions at 15°C. 
Loss o f produce quality after harvest is generally resulted f rom the consumption o f 
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carbohydrate reserves, lose of moisture, destruction of cell membrane, enzymatic 
browning and bacterial growth. All these processes reported are greatly affected by 
temperature, and hence strict control of temperature is an important factor in 
maintaining produce quality (Paine et aL, 1983 and Zagory and Kader, 1988). The 
rate of many chemical reactions is generally at least halved by the reduction of 10°C 
in temperature, thus the investigation of temperature effect in every 10°C interval on 
the postharvest quality of straw mushroom under different storage atmosphere were 
studied� 
In general, it is desirable to extend the shelf life of fruits and vegetables using 
refrigeration (Day, 1993 and Robertson, 1993). Agaricus mushroom was 
demonstrated to have growth retardation and coloration retention at 0 � C during 
postharvest storage (Cho et aL, 1982). However, straw mushroom failed to maintain 
its quality and lysis occurred quickly within 1 day when stored at 4°C. 
Chilling injury resulted in tropical and subtropical produce when stored at 
temperature above freezing is well documented (Paine and Paine, 1983; Day, 1993; 
Robertson, 1993 and Aked, 2000). The nature of the injury is not yet fully 
understood. It is reported that chilling injury generally associated with necrosis of 
group of cells situated either externally, leading to the formation of depressed areas 
and discoloration, or internally leading to internal browning (Robertson, 1993). Also 
symptoms including water soaking, surface pitting, failure to ripen, accelerated 
senescence and increased susceptibility to decay has been reported in horticultural 
produce (Aked, 2000). Lope et al. (2001) have summarized some possible 
mechanisms of chilling injury, they include a) bulk membrane lipid phase transition 
at low temperature results in the formation of gel phase lipids leading to the loss of 
membrane integrity and physiological dysfunction; b) induction of changes in the 
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level of kinetic properties and cold liability of different enzymes in the cell; c) 
cellular redistribution of calcium as a primary transducer of chilling injury and d) 
lipid peroxidation plays a role in the development of irreversible injury at low 
temperature. In this experiment, straw mushroom showed water-logged appearance 
and severe browning after storage at 4 � C . It indicates that chilling injury appeared in 
straw mushroom stored at this temperature. 
On the other hand, straw mushroom also failed to be preserved at 25°C. 
Although L* value in all storage atmosphere was never the lowest in this experiment 
(higher than mushroom stored at 4°C), lysis and liquefaction resulted in all storage 
atmosphere. As mentioned beforeh, the higher the temperature, the higher the 
metabolic activity of produce. The break down of organic substrates in mushroom 
with the release of energy and the depletion of reserves, which in turn reduce the 
storage life of mushroom at this temperature (25°C) (Phillips, 1996). And also, 
temperature is able to increase enzyme reaction in produce (such as hydrolytic and 
browning enzyme reaction), that may involve in destruction of mushroom quality. 
Moreover, temperature may affect microbial population by increasing the growth rate 
of microorganism and the spoilage activity in produce, which may then induce 
browning to occur. All this evidence may explain the lysis or loss of quality of straw 
mushroom at 25°C under different storage atmosphere. 
All in all, the results indicated that the quality of straw mushroom could be 
maintained after 3 days of postharvest storage in air and 5% CO2 conditions at 15°C. 
B) Atmosphere effect 
Effects of storage atmosphere on the quality of straw mushroom stored for 3 
days at 4°C, 15°C and 2 5 � C were studied. 
1 2 8 
o. 
a) 4 � C a n d 2 5 � C 
Mushroom stored in normal air, pure N2, pure CO2 and 5 % C 0 2 atmosphere 
became dark brown when stored at 4 � C (Figure 6.12), while mushroom stored in 
the same atmosphere composition became yellow at 2 5 � C (Figure 6.13). 
For color quantification, it was clearly shown that L* values were more or 
less the same between different storage atmosphere at 4 � C and 2 5 � C (p>0.05) 
(Figures 6.14A and 6.15A). For a* value (Figures 6.14B and 6.15B), there may 
also show no significant difference between different treatment (p>0.05). These 
indicated that mushrooms had similar whiteness and redness after 3 days of 
postharvest storage in different atmosphere at 4 � C and 25°C. Mushroom stored 
in pure C O 2 at 4 � C showed a lower b* value compared with the other gases 
atmosphere (p<0.05) (Figure 6.14C), but there was no significance different in 
b* value between treatments at 25°C (Figure 6.15C). On the whole, lysis of 
straw mushroom resulted in all different gases atmosphere at 4°C and 25°C. It 
represented the failure of preservation of straw mushroom in normal air, pure 
CO2, pure N2 and 5% C O 2 atmosphere at 4 � C and 25°C. 
b) 15°C 
The physical appearance of straw mushroom stored under different 
atmosphere at 1 5 � C was shown in Figure 6.16. Although mushroom lysis in the 
case of pure N2 and pure CO2 conditions with yellow color, the original white 
color of mushroom seemed to be maintain in 5% C O 2 and air conditions at 
For the detail color assessment (Figures 6.17A and 6.17B)，mushroom 
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Stored in air and 5% CO2 with similar L* and a* values and there was also no 
significant difference between pure N2 and pure CO2 conditions (p>0.05). For 
b* value (Figure 6.17C), there was no significant difference between all gases 
treatment (p>0.05). From the result, the quality of straw mushroom was not 
improved when stored in 5%C02 environment compared with normal air 
condition (control) at 15�C. 
In this experiment, different gases were introduced to determine their 
ability for the preservation of straw mushroom. The result indicated that straw 
mushroom stored in pure N2 and pure CO2 failed to prolong its shelf life and 
even accelerate lysis in both 4°C, 15°C and 25°C, but the quality could be 
maintained when stored in air and 5% CO2 at 15°C. It meant that straw 
mushroom required oxygen during postharvest storage. 
Oxygen generally stimulates the growth of aerobic bacteria that may 
deteriorate produce during postharvest storage. It can also accelerate browning 
reaction in produce when substrate and enzyme in the cell mix together (Phillips, 
1996). Therefore, the modified atmosphere technique which can reduce oxygen 
level can slow down these effects to improve produce quality. However, straw 
mushroom tissue cells remain active after harvest and they require oxygen for 
respiration and produce enough energy for various normal activities during 
postharvest life. Also, anaerobic bacteria will become dominant when O2 is 
absent or at a low level in storage environment (Parry, 1993). Therefore, pure 
CO2 and pure N2 condition seemed to be unsuitable to preserve straw mushroom. 
This idea can be supported by Sevine et al. (1967). They demonstrated that 
when pure N2 was used as storage atmosphere, Agaricus mushroom showed a 
severe decay and it might be due to oxygen deficiency. And there was also no 
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significant influence of N2 on the quality of Agaricus mushroom, which 
indicated that the presence of oxygen seemed to be important for Agaricus 
mushroom preservation. 
On the other hand, elevated CO2 in the modified atmosphere evidently 
suppressed metabolic function at multiple locations of Agaricus mushrooms 
(Nichols and Hammond, 1974; Lopez Briones et al., 1992; Lopez Briones et al., 
1993 and Tano et al., 1999). However, a high concentration of carbon dioxide in 
the storage environment is toxic to mushroom. Robertson (1993) mentioned that 
when CO2 level was beyond the tolerated level of commodity, browning 
phenomenon usually occurred. An excess carbon dioxide level was also 
reported to be associated with the disruption of respiratory pathway leading to 
an accumulation of alcohol and acetaldehyde in the cells, internal browning, 
discoloration and off flavor of fresh produce usually resulted (Thompson, 1996). 
Thus, these can explain severe browning and lysis resulted when straw 
mushroom stored at pure CO2 condition. 
Moreover, when straw mushroom stored in an airtight container, its 
respiratory activity would change the storage atmosphere. During storage, it was 
expected that a low oxygen and high carbon dioxide concentration was 
maintained inside the container, which might be responsible for the preservation 
purpose. The introduction of the additional 5% CO2 in the storage container 
might not exhibit a significant beneficial effect on the quality of straw 
mushroom. Therefore, this might explain the similar mushroom quality resulted 
between 5% CO2 and normal air composition. 
In summary, the results from modified atmosphere experiments illustrated that 
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there was no significant beneficial effect on the quality of straw mushroom stored 
under different atmospheric conditions (pure CO2, pure N2 or 5% CO2) as compared 
with control (air) during posthravest storage. Also, there was different color resulted 
when straw mushroom stored in different atmosphere. In pure CO2, pure N2, 5% CO2 
and normal air atmosphere, straw mushroom usually resulted of yellow color instead 
of brown color at the end of storage. It may be due to the low O2 level in the storage 
atmosphere and inhibiting of enzymatic browning to occur. However, the chilling 
effect on straw mushroom at 4°C caused the lysis of straw mushroom within a short 
period of time. And this allowed PPO interacts with the cellular O2 and causing 
enzymatic browning to occur. Therefore, it can explain why the dark brown 
mushroom usually resulted at 4°C when stored under different atmospheres. On the 
other hand, it is important to note that straw mushroom stored in normal atmospheric 
gases composition showed promising effect on both quality and shelf life at 15°C. 
The quality of mushroom can be maintained up to 4 days of postharvest storage at 
1 5 � C (normally less than 3 days) in this experiment. 
C) Optimum temperature of postharvest storage 
Further experiment was conducted to study the optimal storage temperature for 
straw mushroom. 
By the observation, lysis occurred in mushroom at day 2 when stored at 20°C 
while lysis occurred at day 3 when mushroom stored at 10°C. For straw mushroom 
stored at 15�C, it remained fresh and white until day 4 and the quality was more or 
less the same as at day 0 (Figure 6.18). However, at day 5, lysis started at the base 
part of straw mushroom stored at 15°C. 
For color measurement, straw mushroom was the whitest (L=80) for 4 days of 
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postharvest storage at 15�C (p<0.05) while there was no significant difference in L* 
value between mushroom stored at 10�C and 2 0 � C (p>0.05) (Figure 6.19A). In 
Figure 6.19B, mushroom at 10�C (black) with the highest a* value compared with 
the others (p<0.05) while there was no significant difference between 15°C and 20°C 
(p>0.05). Thus, the black color of mushroom stored at 10�C can be reflected from the 
high a* value. In Figure 6.19C, mushroom stored at 2 0 � C (yellow) showed the 
highest b* value (p<0.05), but there was no significant difference between mushroom 
stored at 10°C and 15�C (p>0.05). In other words，b* value clearly indicated the 
yellow color of mushroom when stored at 2 0 � C . In fact, all color components 
actually play a role in indicating color changes in straw mushroom at different 
temperatures. It is better to consider all the components for the quality assessment of 
mushroom when temperatures involved. 
The storage life of straw mushroom at 10°C and 20°C was 3 days and 2 days 
respectively. It could be extended to 4 days when the storage temperature was 
maintained at 15°C. In fact, the prolongation of shelf life can be influenced by 
several ways. First of all is the respiration. Tano et al. (1999) illustrated that Agaricus 
mushroom stored in low O2 and high CO2 environment was beneficial in maintaining 
its quality and lowered the respiration rate for nearly 50%. Since straw mushroom is 
a horticultural produce with extremely high respiration rate (see in section 4.3.1), 
adequate O2 concentration is important for maintaining its respiration. Thus, 
reducing O2 concentration is a tool for controlling the respiration rate and slowing 
down senescence of produce (Robertson, 1993). However, O2 level cannot be too 
low as adverse effect might result, such as the induction of the growth of anaerobic 
bacteria. Secondary, CO2 also has biostatic activity against many spoilage 
microorganisms in produce. Lopez Briones et al. (1992) reported that increase in 
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COi concentration has the benefit of inhibiting the growth of microorganism. Brody 
(1989), Drulhe Aleman (1996) and Blakistone (1998) stated that C〇2 concentration 
exceeding 5% could inhibit the growth of most food spoilage bacteria, especially 
Gram-negative bacteria. Davies (1995) has mentioned that Gram-negative bacteria 
are generally more sensitive to CO2 than Gram-positive bacteria. In this research, 
nearly all bacteria isolated from straw mushroom were Gram-negative (sees section 
5.3.4). Therefore, the extension of shelf life of the straw mushroom at 15°C in 
airtight condition may be due to the inhibition of the bacterial spoilage activity in a 
relatively high C O 2 condition. 
Also, reducing O2 concentration during storage can influence the color of 
Agaricus mushroom. Saxena and Rai (1988) and Anantheswaran and Sunkara (1996) 
suggested that enzymatic browning reaction could be suppressed when mushroom 
was stored at low O2 concentration, which reduce discoloration and tyrosinase 
activity by lowering the O2 availability for polyphenol oxidase reaction. Thus, a 
relatively low O2 level in the storage condition may play a role to slow down 
browning phenomenon in straw mushroom for 4 days of postharvest storage at 15°C. 
Moreover, a proper temperature management is very important in maintaining 
the quality of straw mushroom. An optimum low temperature can slow down oxygen 
requiring reaction and the metabolism of produce or microorganism spoilage activity 
(Zagory, 1994). Several authors mentioned that the modified storage atmosphere 
became effective in conjugation with refrigeration (Jones, 1989, Gupta and Thakore, 
1998 and Tano et al., 1999). It is due to the different solubility of CO2 at different 
temperatures. At low temperature, the bacteriostatic and fungistatic effect of CO2 
becomes effective, as the solubility of CO2 in the aqueous phase of food at low 
temperature is usually higher than at high temperature. Farber and Dodds (1995) 
1 3 4 
mentioned that CO2 has the ability to alter cell membrane function by changing 
intracellular pH. Also, as mentioned before, slowing down of various metabolic and 
enzymatic activity of straw mushroom, including respiration, browning and 
hydrolytic enzyme activities, can be achieved at low temperature. However, chilling 
injury may affect the quality of straw mushroom (e.g. 4°C). Therefore, an optimum 
temperature which can delay senescence and maintain quality without causing 
damage by cold or freezing of straw mushroom becomes important. And the 
optimum temperature was found to be 15�C in this experiment. 
On the other hand, loss of moisture is another obvious ways in which freshness 
of straw mushroom is lost. This is not a great problem in modified storage 
atmosphere as the relative humidity can be kept during storage. However, Burton et 
al. (1989) reported that the high metabolic activity of Agaricus mushroom caused 
water condensation during storage. High degree of humidity favors the growth of 
microorganism, which increases the possibility of product deterioration 
(Anantheswaran and Sunkara, 1996 and Phillips, 1996). Also, the maintenance of a 
stable temperature is very important to prevent condensation of water droplets during 
storage (Zagory, 1995). In this research, the relative humidity of was kept at 98% by 
using the commercial moisture absorber. It seems to be able to prevent the 
condensation of water vapor, which may then prevents the extensive growth of 
microorganism in straw mushroom. Anatheswaran and Sunkara (1996) reported the 
decrease of maturity and increase of whiteness of Agaricus mushroom when 
commercial moisture absorber was introduced in the experiment. Therefore, the 
present of commercial absorber in the experiment may have additive effect on the 
prolongation of the shelf life of straw mushroom stored at 15°C in normal air 
condition. 
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The optimal storage temperature for straw mushroom is 15°C for 4 to 5 days. 
Apart from the storage temperature, the preservation of straw mushroom should also 
emphasis on the optimization of the gas composition and the packaging materials 
during storage. It should be noted that different produce have different respiration 
rates and tolerance toward CO2 and O2 levels (Day, 1993, Riquelme, 1994 and 
Phillips, 1996). Different packaging materials have different ability to meet this 
preservation purpose. The main characteristic for choosing of packaging material 
should include gas permeability, water vapor transmission rate, mechanical 
properties and sealing reliability (Day, 1993 and Robertson, 1993). Although, 
extensive researches had been conducted on the preservation of Agaricus mushroom, 
the result obtained was difficult to be applied on the other kind of mushrooms 
(especially straw mushroom). Therefore, experiment should be carried out to 
optimize all the storage conditions for the successful preservation of straw 
mushroom. 
With the main concerns of freshness and free from chemicals, the future use of 
modified atmosphere storage technique will become more and more important. 
However, concerns have been expressed that the increase in shelf life of modified 
storage produce may provide sufficient time for human pathogens to multiply to a 
level which make the food become unsafe (Jay, 1992a,b). Therefore, the 
investigation of pathogenic microorganisms in straw mushroom became important. 
Vigorous sanitation program to ensure microbiological safety seems to be an 
important role in the preservation industry in the future. 
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Table 6.1. Classification of modern methods of fruit and vegetable preservation. 
(Khurdiya, 1995) 
Physical method 
a) Thermal processing Pasteurization, Sterilization, Aseptic 
processing and packaging 
b) Storage at low temperatures Refrigeration, Freezing, Dehydrofreezing 
c) Removal of water (evaporation or Sun-drying, Dehydration, Freeze-drying, 
dehydration) Concentration 
d) Modif ied atmosphere Altering storage condition by introduction 
of different mixture of gases 
e) Irradiation Application of UV or ionizing radiation 
Chemical methods 
a) Addition of acid Pickled vegetables 
b) Salting or brining Vegetable/fruit pickles, lactic acid 
fermentation 
c) Addition of sugar and heating Fruit preserves jams, jellies, marmalades, 
candies, etc. 
d) Addition of chemical preservatives Sodium benzoate (benzoic acid), 
Potassium metabisulphite (Sulfur 
dioxide) 
Fermentation Alcoholic and acetone fermentation fruit 
wines, apple, cider, vinegar, etc. 
Other methods A judicious combination of one or more 
than one methods mentioned above for 
synergistic preservation 
1 3 7 
-a. 
Table 6.2. Potential advantages and disadvantages of MAP. (Davies, 1995) 
Advantages 
Shelf-life increase of 50-400% possible ^ 
Economic losses reduced (longer shelf-life to spoilage) 
Products can be distributed over longer distances and with fewer deliveries, leading 
to deceased distribution costs 
Provides a high quality product 
Easier separation of sliced products 
Centralized packaging and portion control 
Improved presentation - clear view of product and all-round visibility 
Little or no need for chemical preservatives 
Disadvantages 
Viable added cost 
Temperature control necessary 
Different gas formulations for each product type 
Special equipment and training required 
Product safety to be established 
Increased pack volume - adversely affects transport costs and retail display space 
Benefits are lost once the pack is opened or leaks 
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Figure 6.1. Effects of browning inhibitors on the quality of straw mushroom during 
3 days of postharvest storage at ambient temperature (20°C±2°C, 62%±2%). 
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Figure 6.2. Effects of calcium chloride on the quality of straw mushroom after 3 
days of postharvest storage at ambient temperature. 
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CaCl2 added to compost 
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CaCli added to irrigation water 
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Control 
Figure 6.3. Effects of different methods of calcium chloride application on the 
quality of straw mushroom during postharvest storage (Day 0). 
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Figure 6.3. Effects of different methods of calcium chloride application on the 
quality of straw mushroom during postharvest storage (Day 0). 
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Figure 6.3. Effects of different methods of calcium chloride application on the 
quality of straw mushroom during postharvest storage (Day 0). 
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Figure 6.3. Effects of different methods of calcium chloride application on the 
quality of straw mushroom during postharvest storage (Day 0). 
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Figure 6.7. Effects of different storage conditions on the quality of straw mushroom 
after 3 days of storage at different temperatures. 
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Figure 6.8. Discoloration of straw mushroom cap tissue during 3 days of postharvest 
storage in pure N2 atmosphere at different temperatures. The error bars shown are the 
standard deviation of the mean. The same letters are statistically identical (One Way 
ANOVA with Tukey test, p<0.05). 
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Figure 6.9. Discoloration of straw mushroom cap tissue during 3 days of postharvest 
storage in pure CO2 atmosphere at different temperatures. The error bars shown are 
the standard deviation of the mean. The same letters are statistically identical (One 
Way ANOVA with Tukey test, p<0.05). 
148 
-o. 
t)() -- — —————— 
C 
A O - 窮了： 
> > b ！ 
•'二'二. t-yK, T I 
A ”卜 ::.‘1?:.. rztjv 
« ' ' , ' , , • , ’ ‘ ' � .X ‘ ^ - ' „ ^ , ‘ 
‘ ‘ ‘ “ “ . ‘ “ “ 二 / / ''‘"，,, < ^^ ^ 
’、" 11 ‘ . ‘ ‘ / “ 、 
‘ ^ , ‘ “ 
T , , 、 A ‘ 
， 丨 ''''"〈 
“ __|囊_ ：'、' ‘ ： 
,5 … 仏 ‘ ‘ ‘ ‘ ‘ ‘ ‘ / , , 1 
.»:r�;减：：喃 ；，’’ ‘ : :“、 
： 实 ； 键 総 ' ‘ ’ ’ • , 
绍 隱 麥 ： 丨 ‘ ‘ ^ 
繞爹凌辦渋.::;丨 ^ ^ [ ” ] { “ , “ / 1 ； 
4 丨 5 25 
Tc m pc rulu rc (__C) 
I ) 
in -
«- I ^ T H 
‘ � � ,' / ’ ‘、 ‘‘ 
a … ‘ ‘ • 
T> « A -
Ct V 
‘ “ , I 
\ ‘ , ‘ 1 
：； ！ 
- .. I 
‘ ‘‘ a « I 
� ’ " : ' � ' T [ ！ 
‘ ‘‘ ‘ ' ' ' ； ^ -
2 ‘“ 、’ ‘ i ‘ 
,J , J^ ",'‘ ； 
- " � � � • • ' ‘ / ‘/, y "‘‘ 
‘ ：《；也”： ^ '“、“ 麵 
I ； y 、 > ‘ ^ ‘‘ 
(1 • — ‘ ^ ‘ ‘ 
4 丨5 2 5 
T e m p e r a t u r e ("C) 
c 
}[) r 
} / / „ 
, '‘,；,“。‘“〜；- ‘ 
\ L 1115：' 
C I ！ 
> - ( / ‘‘ ‘ V 'V' 
1 ： 测 
1) - ： / ‘‘ 'V'. 二 辦 ' 购 
T ^ 减卞纷, 
j . I 、;：，•> 麵 ， 
、 ：碰 r ? ? : ; ; ； 
" , '�>� ；；-V ‘ • iMHsHt 
5 - �� FT-T,,^；；； “‘ w^mz^y 
. ‘：、-。>。、 ； ~ ！滅賊 
’ 、 “ 、 、 、 、 ‘ 5 ‘ y ； 吟 / " y -
： � V ；! 
I) ^ ‘ ‘ 
4 丨 5 25 
T c m |)c r a t u rc ("C ) 
Figure 6.10. Discoloration of straw mushroom cap tissue during 3 days of 
postharvest storage in 5% CO2 mixed with air atmosphere at different 
temperatures. The error bars shown are the standard deviation of the mean. The 
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Figure 6.11. Discoloration of straw mushroom cap tissue during 3 days of 
postharvest storage in air condition at different temperatures. The error bars shown 
are the standard deviation of the mean. The same letters are statistically identical 








Figure 6.13. Effects of different modified atmosphere conditions on the quality of 
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Figure 6.14. Discoloration of straw mushroom cap tissue during 3 days of 
postharvest storage in different atmospheric conditions at 4°C. The error bars 
shown are the standard deviation of the mean. The same letters are statistically 
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Figure 6.15. Discoloration of straw mushroom cap tissue during 3 days of 
postharvest storage in different atmospheric conditions at 25°C. The error bars shown 
are the standard deviation of the mean. The same letters are statistically identical 
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Figure 6.19. Discoloration of straw mushroom cap tissue during 4 days of 
postharvest storage in air at 10°C, 15°C and 20°C. The error bars shown are the 
standard deviation of the mean. The same letters are statistically identical (One Way 
ANOVA with Tukey test, p<0.05). 




This research described some preliminary works on the postharvest physiology 
and biochemistry of straw mushroom. According to the results obtained, factors 
attributing to the deterioration of the mushroom were proposed, and possible 
controlling measures were attempted to preserve the quality of mushroom during 
postharvest storage (Figure 7.1). 
The most readily observable phenomenon during storage of the straw 
mushroom was the loss of water content in the fruit body. This would obviously 
affect the appearance of the mushroom and would be an undesirable quality to the 
consumers�Cont ro l of water loss may be one measure for preservation of the straw 
mushroom. However, this may not be easily achieved, as the fungal tissue does not 
have cuticle to prevent transpiration as in the case of higher plants. Modified 
atmosphere packaging (MAP) allows slowing down of the water loss. High moisture 
content during storage improves the physical appearance as well as the texture of the 
mushroom; however on the other hand, it promotes bacterial growth, which may be 
correlated to the deterioration of the mushroom. Controlling the bacterial population 
while maintaining the water content of the mushroom in a suitable storage condition 
seems to be an important task to be tackled in future research. 
A high respiration rate in the straw mushroom was noted. The physiological 
significance of such a high metabolic activity in the fruit body is not known. It is 
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obvious that a high metabolic rate would result in a rapid breakdown of cellular 
components leading to poor quality and deterioration of the tissue. Also, water 
release by respiration would increase the moisture content during storage. It will 
enhance the proliferation of spoilage bacteria. Controlling cellular respiration is a 
general practice in postharvest storage of most horticulture produce. M A P combines 
with temperature control is one successful example. However, in the case of straw 
mushroom, M A P employing carbon dioxide or nitrogen did not result in any 
desirable expectation. The various treatments performed in this research did not 
improve the shelf life of the mushroom. Five percent of carbon dioxide was shown to 
have similar effect as the air control, while pure carbon dioxide or nitrogen enhanced 
deterioration of the mushroom. In the absence of oxygen as in the latter cases, 
anaerobic bacteria may have a chance to proliferate and could lead to spoilage of the 
mushroom. Controlling bacteria growth may be a prerequisite for further preservative 
manipulation. Results obtained from the experiments testing the effect of antibiotics 
on mushroom quality during storage supported this idea. 
Straw mushroom is a tropical species and is susceptible to chilling injury. This 
intrinsic property hinders the application of low temperature storage, which is the 
most common way to reduce respiration and enzyme activities of horticulture 
produce in order to preserve the quality. Among the different temperatures tested, 
15°C was found to be the best storage temperature for straw mushroom. 
Hydrolytic enzymes such as protease, lipase and chitinase are expected to be 
involved in the senescence process of fungal tissues during which cellular structures 
disintegrated and cellular components broken down. During the course of postharvest 
storage, the activities of these three enzymes increased. This may have a direct 
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bearing on the deterioration of the mushroom, as autolysis is a characteristic of the 
spoilage process. Moreover, bacteria are expected to secrete hydrolytic enzymes 
which are responsible for structural damage in straw mushroom. Understanding the 
change in these activities would be a clue to the understanding of the deterioration of 
the straw mushroom. It has been reported that calcium ion is required for membrane 
integrity. Addition of calcium chloride in the irrigation water during cultivation had 
resulted in slightly longer shelf life of the straw mushroom. However one trade off of 
such practice is the loss in yield. In our experiments, application of calcium chloride 
reduced the yield of straw mushroom. 
Enzymatic browning of plant tissues is caused by the action of polyphenol 
oxidase ( P P O ) � I t is believed that in the presence of O2, enzymatic browning occurs 
when enzyme PPO interacts with its endogenous phenolic substrates. It would also 
be the case in straw mushroom as depletion of oxygen could slow down the process 
of browning. This was demonstrated in the MAP experiments in which the 
mushroom remained yellowish but not brown in color as in the low level of O2� 
Simple dipping experiments with PPO inhibitors were unsuccessful in controlling 
browning of straw mushroom. This could be due to inefficient penetration of the 
inhibitors to the site of PPO for action. 
Ethylene is involved in the ripening process of many climacteric fruits. 
Controlling ethylene formation is one of the best ways to preserve such produce. In 
straw mushroom, no ethylene was produced. Application of exogenous ethylene to 
straw mushroom did not has any observable effects on the fruit body. Apparently 
fungal tissues do not respond to hormones of higher plants. 
This research is a comprehensive study on the physiology and biochemistry of 
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straw mushroom. Several preservative methods had been attempted. Results from 
this study provide some fundamental information on the biochemistry and 
physiology of the straw mushroom and are essential to our understanding of the 
possible mechanisms leading to the deterioration of this produce. From the result, the 
effect of bacteria and temperature seem to be the important deteriorative factors on 
the quality of straw mushroom. The results showed clearly that the general physical 
appearance of straw mushroom can be maintained when treated with antibiotics. On 
the other hand, the quality of mushroom can be maintained only at 1 5 � C in normal 
air atmosphere indicated that the importance of the temperature effect. 
Apart f rom the effectiveness of antibiotics, the use of irradiation to control 
bacterial population seems to be another efficient preservation method. It has been 
reported that the shelf life of Agaricus mushroom can be achieved by y-irradiation. 
The irradiated mushroom is found to have a longer shelf life and lower PPO activity 
compared to the non-irradiated mushroom (Gautam et al., 1998). On the other hand, 
M A P preservation method in the experiment can be improved by using a suitable 
packaging material. It has been reported that the shelf life of the short-lived, fast 
respiring Agaricus mushroom can be prolonged by using stretchable PVC 
(Lopez-Briones et aL, 1993). Moreover, the investigation of an opt imum O2 and CO2 
concentration in the storage condition also give a promising beneficial effect on 
mushroom quality. In addition to its nutritive value, straw mushroom is recognized 
for its health-beneficial properties. Continuous demand in the consumption of this 
edible mushroom is expected, and further research on the development of 
preservative technology is warranted. 
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